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(57)Abstract 

PURPOSE: To obtain a highly thermostable recombinant DNA polymerase 
from archaebacteria . 

CONSTITUTION: A genome library is prepared from archaebacteria, and a 
DNA obtained by transforming or transfecting appropriate host cells using 
the genome library is contacted with a DNA probe selected from the group 
consisting of nucleotides 1-1274. 1269-2856, and 2851-4771; and the 
above resultant host cells hybridizable with the DNA probe are assayed for 
DNA polymerase activity and a DNA fragment encoding the aimed 
thermostable DNA polymerase is isolated. Subsequently, host cells are 
transformed by a cloning vector including the isolated DNA followed by 
culturing the transformed cells under conditions suitable for the expression 
of the DNA polymerase. 
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Fig. 6 0^^ U^^KE5iJ=bb 
-SP». Fig. &Oi%i?V'^^Ylt^fb, 1 2 7 4 ST. Fi 
g. ew^i/p^f^K 1 2 6 9*^^. 2 8 5 6$T. Sl^. 
Fig. 6©^i7 U^5^K2 8 5 1*^^)4 7 7 1 1^X1)^<bti 

•V HJgfiK-r'l)DNAE^JlrJ;0=i-h'$nTti-5. -SiM 
b ® A .^^^tt D N A # ij ;< 7 -• t*, 

2 ] Fig. 6 (^p? i7 HE5lJ©-gi5^J-*t/J> 

[tt^JaS] Fig. 6(D?i7U:t^h*EJ'J(DaB^i-7!»i'>75: 

< tfci^l 5 0^i'U;t5^K:^Oft$T*S, W*3S 1 
[»*«5] T. Uh^'JT. (T. litoralis) ®DN 

.^^^tt D N A U ^ ^ — If . 

[»*3S6] *Sg0iJlom^xSS^«ttDNA>}^U;* 
^— if^:3-h-t-S. ^^^nfcDNAo 

[i»««7] it3i<^6©*it$nfcDNA^&-^Oi7n 

[IS*^8] »*]S7 0'<i7^-lC,i;f)J^«e^$-a: 
[if*«9] *iffl»*^f.©ffi^AISi^SttDNA:}^U 

:i.y—if^Z}— KT-SDNAE^JIC^LT/N-f:/'; -y H 
J^fiKT-SDNAya— ^T^oT, CODNAT'd-^ 
7>^'. Fig. 6 0p(i7l/:^^h*E?iJfcL<H^O-a55i-, Fi 
g. 6(Dp?i7l/5i-5^K 175^?) 1 2 7 4 ST. Fig. 6CD^:? 
U:t^H 1269*^ ^285 6 ST'. SO^, Fig. 6(D^ 
^U:t^\^2 8 5 1*'>^4 7 7 1 i-r*^^;^j:-5P*^?,S 
#?$n^. ±l2DNAyP-:/. 

W*JS1 0<DDNA:/a-yT-«.o 
Fig. 6 0J?i7i/;t^KE?iJ®-gg^i'7!)t'>?5:<i:t)J^ 
2 0^i7U:^5^K5i-Ofi$T^-5. ±aeDNA7'P- 

[^*«i2] if*^i o©dna:/d-:/tSo 
T. Fig. 6CD^i'U':t^He?iJ®-gB5i'di'>!^< t=b*>J 

T, Fig. 6®p?i7^:f5^HE^J<D-gp^J-*t/>;a:< 



1 5 03?i7l/-;t5" K^)-COfi$-CfeS. ±i2DNA:/n- 

(a) SiHBBd^b-irVA^'f ^^'J-^Jgfig-r^Ci ; 

(b) iiW;5:«±ifflag&. gPg (a) *^f,(7)^'r3''^'J 

(c) J^!Ke©fcL<«K^>X7xi' h$-ti-fe^^iffl 
flaA^^>ODNA$', Fig. 6 0^i'U:tf'KEJilfeL<ti 
-€-<D— ge^J-. Fig. 6<7)5!i7^;t^K 1 A^e, 1 2 7 4$ 
T, Fig. eo^^U^^]^ 1269*^^.285 6 ST. 
SOC. Fig. 6(0p?^7L':t^H2 8 5 1 4 7 7 1 ST 

e> ?5: -5 » 75^ ^. a ^ tl -5 D N A y D - y t ^ « $ ^ 

(d) ^»DNA:?'D-:/lc?:*LTA-f :/'J -y KJBfi£-r 
-5. gpg (c) CDJBKte^t)L<ttH^>X>'ii7 h$ 
■a-ytiiiagS:. DNAjJ^'J;*^— ^rffi^4lCO^iT7■y■t■1* 
(e) |a^^ttDNA3}^>J;>^^— 1f*=i-h-r^DNA 

NAiJ^'J ^ tfSr=i- K-rSDNASr^it-r^fci*® 

[ig*3S 1 5 ] JiATWglig : 

(a) ^&)ffl»75>e.yyA7'f :/^u-$:}gfi£-r^c:i ; 

(b) jim«±ifflJJ§€:. gPg (a) d^^o^-f:/^'; 
-Tj^Rg^t)L<«h7>;^:7xi7 : 

(c) mn^mhL<ithyy7.yx.^h'^i±rzm^m 
mi^^omm^^, t. u h^uxdna^u^^— 

■fr-S^i: ; 

(d) ^COSi^T'D-yt'S^^SfE^-rs. ®[g (c) © 
J^He^fct<tth^>7.7xi7 H^it;^ciHeigSr. DN 

(e) .^S^f4DNA#iJ;<^— tf^n-KT'SDNA 

(a) W*3S1 4fcb<«l 5(D*«$nfcDNA4^0 

(b) ::0#KSnfcDNA*^6^ffi?5'U':4-^KE5lJ 

3S1 6 ©:5ft. 

[ffi^fl 1 8 ] ^Tfft? 1/^5^ KE^iJd^ I V S 1 . 
IVS2, t)b<«. I VS 1 t I VS 20»*^^a*? 

$ns. 7©:5)4. 

[^*fll9] T. 'J K^'JXDNA/PU tfS- 
31— K-r-5DNAE5iJ*'>e.©-r > HD>Sra— Hi-^D 
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[ad<«20] DNA^n-yd^ ^i^U^f'K 1 7 
7 6*^^,3 3 8 9S-efcU<«-?-0-gB5>Sr^tJFig. 6 
©1 6 1 4 b pO:>?i7U^5^Ke?>K SD:. 
^3544*^^470 3 =bL<«^E-®— gC^i-?:^tJFig. 
6C0 1 1 7 0 b p©^i7W:t5^HE?ij75^?>?i*PJ:Oig 

[»*^2l] 6 4SD:2 4 1 1 lCi5tiT-a 

^i^^©x:^-+->3< i/:t5' ksepbr 3 2 2 * ^»f-r 

^. T. ij h7'J7.7&^egi^#f ^CtA^T^^^^^tt 
[tt3}c)S2 2] *tJ33, 000-37, 0 0 0 ©i}-^ 

[0 0 0 1] 

NA3j?U;<^— tf. T. U h5'JXDNA5}?U;<7— if 

iC^^LTyN-f :/'J V HJ^fi£T^SKDNA:iJ^U^^— if 
^rJ-Hf -5#it^nfcDNA, ^SDNA®#«{C?iJ 

ffl$n-5DNAB:c/gij*>^p-y(ciiL. nmz. 

DNA^¥^-r^;tse)(D:^S> ROC. SKDNA#>J^< 

[0 0 0 2] ggai^sfm^trjaf ^ffia^iffl^ta? 
*^BJ«, 1 9 9 1^4^ 1 7 Bic:«a$njt*H!f*w 

da^. 6g#^No. : 07/686, Z^fiOmm^^'X & V . il 

n«. 1^ ^ 0^12 nil B\z^m^txtz^mmmm 

SS#^No. : 07/626, 057®^iiiai5^-C*O. Cin 
1 9 9 0^4^ 2 6 HI-StH$nfc*ffl!|tfffai^. 
Sa#^No. : 07/513, 994©«tieEgi5^J-T*-&, 

[0 0 0 3] %B^CDttM 
DNA7}?U;<5— tf«. DNAi^SRO^ffiiatrHaT^ 

(E. coli ) (D^'t)ti^mL 
ttSJ^t)*^ e. © D N At}? U ^ 5— if S<^*^{' -OtiTti 
l2l6H©W5£:*^fTt)nT<^i#fc. ^ilAtS. Bessman , et 
al., J. BioLChem. (1957) 233:171 -177 . 'BlU. B 
uttin and Kornberg J. Biol. Chem. (1966) 241:5419 
-5427^#M-B-J:. 

[0 0 0 4] ;*cllMA^e*8i^n/rDNA;}?'J>i7-1f 
(r>m\z\t. :*cM«ODNA;}?'J;<7-1f I . Xmm(D^ 
NAif^^) ^v—^\<n^VJ'Om¥y. RZf. T4DNA 

h^>XU— ->3 XCJr^DNACD^'^JHk, cDNA 
i7n-->i;'l;:i5ltS^2®cDNA^fi£, DN 
A(DE?ij&S*^tJ. ffi^ADNAS^BtCistt-S^^I^S: 
ffli^SrWTSo Maniatis. et al.. Molecular Clonin 
g: A Laboratory Manual (1982) «r#Sg-&J;, 



[0 0 0 5] *)fi. ^KH!t$ff#^4, 683, 195 , 4, 683, 2 

02. Ri/. 4,800. 159 wmsM^mm^. W 

ifiiiSSfS (PGR) tLT^Iffl^tlTiiO. S^E-T^ 

[0 0 0 6] $feJCi^aiLfe^O*>ODNA)}?U><^-1f 
Tfe-S^'&cfcOfe, *^;^05iSlii£^ttS:DNA«S{:f=f 

^■-^^•:r)^^-•y^)-'f^y^m.m.^^•m^. 3' - 

5' x^y^i/I/T-ifgtt^Sf^-rs. Burtlag . D. 

and Romberg , A. . J. Biol. Chem.. (1972) 247:2 
41 -248 o 3' - 5' :/)l'-7'J-5^'r >yx^Vp? 
irl^T—iflSttSrW-r^DNAip'J tfSti. 
)P-7'J-5='f >^X^y^i'i/7— ifmWJp'J ^5— . 
•tf<i:ttfet--5«^, cfcOiSliifiaBlOji^^ji 
^^S-^tt"^, Chang. L.M.S.. J. Biol. Chem.. (19 
77) 252: 1873 -1880, 

[0 0 0 7] -irJUAX • 7>77'r4'7 7. (Thermus aqua 
ticus ) ©J:'5;'a:Jfl^tt*!fe*»^<DDNA4?'J^7— bf 

^<Jin'&mmw,z■o\^x^m^t^i'^t)i^'z^t:., chie 

n . A. . et al. J. Bacteriol.. (1976) 127: 1550- 
1557. «. T. 7^7^^ 'PT. (T. aquaticus) YT 1 
»*^e.0 8 0'CO5jgiag€:W-r-5DNA#'J j^^— If 
OI^>£R0^«iS!S:MS^tTli^. dOChien . et al.. 

*;^S!amifeOi)liS!. DEAE--ir7T5^->^X;^ 

7^-— . Rt;^. DNA-b;i/D— XiTOTi^nv 
-r— . Sr-^t?. Kaledin . et al., Biokhymiyay (198 
0) 45: 644-651 . feX, T. T5'7^-r YT 1 
ftOifflflSS*^ e.ODNA#'J>^^ -if 0 R^RtXffi®! €r 
BSS^LTti^o CcDKaledin , et al. OffiSSteti 6®fg 

8itiET>^-'i'AJtlg. DEAE— t:;i/n-Xi7 

{k, DEAE--tr;i/P-x±-i:o^ia{l;, RC/^. 

CD D N A - -tr ; U □ — X ± T CD i7 □ V h 7 7 — Sr 

[0 0 0 8] *Bf^fF#^4, 889,818 IS. T. 7^77- 
^'i7;^*^^®S©L;it|a^^ttDNA#U^7-if, O 
SO. 1*«DNA— fe;i/a-X±T0i7OV 

-S:f^ffl-r-5CtSr#ltiHl^fc, Kaledin O^^tttcHS 
6?JlCl|Lli:5&ft{rJ:OiaS3Sn-5. *fJ86, 000*^5) 90, 000 
y)l/ h >05i-^«Sr*-r^T a q 7}? U ^-1f $:M^U 
MtC. g)?^fl#ffdllS0258017 «, 5feJci^MIL^c: 
P C RfeJciitt-Sffli^fCiffS Ut^Si^i: bT®T a q # 
'Jpt7-1fSrra*LTV>'5, 
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[0 0 0 9] W^iriO, Taq#'J;<7-i2f*^5' - 
3' t^'J :^y—iz^Wm:!^^'J^^i^7--iLmm^mt 

3' -5' 7';l^-7'J-7''f >^x4^y3?^^U7— IftS 
^i&RlfWL;4V^c:t*tS^$nTli-5. Lawyer, F.C.. et 
al. J. Biol. Chem. . (1989) 264: IK p. 6427- 
6437, Bernard , A., et al. Cell (1989) 59: 219, 

m^iZ^K), T.a qDNA/J^'J^^— tf«. 1 0 0*C»C 

[0 0 1 0] ii£^T, ;itiRffl®'feL<(iB{cS^nfc:.s^$ 
^tt, StK/Xtt, 3' Tides' ^©X+y^i7l/7- 

z(D^z>fmm<D—DX'$>^ mTiz^ommiz 

iimVX$)^) , -t;Pta->*7. • U h^UX (Thermo 
coccus litoralis) , rSHc^i^a^ifiT 1 0 0 

±mmM^<ixy^-ix-^tix<^:ii> 

[0 0 1 1] 5felrfS®b/iDNA7}fU^5— tfffi^eJcS 

f^ip^s, 3' *^e)5' :^ip]'s<D:/;i/-7U-x-f > 

^tt^&wr^saBMd^^c^. i&(n^mzm^^mj.DN 
A# u ^— if«srBi#st;s^t--5 c t*if&a$n 
-5. 

[0 0 12] 

-h'-r^DNASrl^^, Si;, i7D-->iy-r^ 

m*^e>(Dffi^^DNAJ}?'Jp^^— tfSS, mZ^\Z, 

U y ^— tf!S^ HT-SDN ArttC^fif-S^ffi^? 

^, m^-t^Zi:\z^^, aKffi^;^DNA/}?U 

[0 0 13] j;o*(*fl<uctt. ^mm\z'^^x, -smm 

d^e)CDDNA7RU>^7— tf3iS:3— h'T^DNAti. D 



U- K-r-5>*aaS*^e>CDDNAtt, •^«DDNAU"^JI' 

iz^t>ti^z: t^mM.-^tirz, 

[0 0 14] m-oX, ^JV'ti^yiJT, ' 

^ — if €r 3 - K -r -5 D N A E >?ij e> D N A y D - SI 5: 
*X (Pyrococcus) OJ:^;^fao*ifflMA^6.®DNA:i}? 

'J / 7— tfSSrn- h-r-2>DNA€:ii«3ia:*ii-rs C 

i^t-c^.S, [^«tC, T. U h^'JXDNA#U^7- 

E?iJS:=l- K-r-SDNA^ig^-r^CliiTS^T^^. 

[0 0 15] -a?, SWDNA/}?'J;!<7— eSTn-h't- 
^DNA^t^^bfc^, -^-nSrfigfflLT, SWDNA^I? 

'J / y—\£<Dmmmum^m.±-r^B^x'^m^'^^~ 

12. ;i<7)DNA/}^'J tr'^a- K-r-SDNAE^Jtf 

lZ^tE-r^iiM(D^^^ ^ V^J- KE^JSfe L < «-< > 

■5. ^WDNA3}^U;*7— tf®^31l^'^;US:iiJn$-B-^ 
M(D%^^, imMt\\z^\^^%'^WXm<JiZ.(r>i^^fs. 

[0 0 16] ^'s^cDumti.wtm 
D N A # u ^ ^ — tf * jg^-r * *^'jStt ^ , 

JffibVi:^ft«. 1) SMH^»*^e>':rV A^-TT/^U 
2) 5im^±aHI!S<£}^Kfe^fcb<(J 
h7>X7xi7->3 >Sli--5, 3) i) ?^Rfe^fcL< 
. h 7 >X 7 X i7 h ^ -a:/c:?SiifflflS*^ ^ O D N A Sr . 
T. U h7U7.*^t)®DNA3j^'J;<^— tfSr3-h-r^ 
DNAf'^LT/N-f KJg^T-5DNA7'P-:/t 

i i) J^Hte^fcKtih^ 
>X7xi' h^-a-fc?t±iMSS*^^.Ojaffi#)$:. T. 'J H 
7 'J 7. D N A 7}? "J 7 -• f 1 JiK-r ^ gi*^ P - 
i:SJi£;$i±-5j6\ <DVi-rtl*\ 4) A-^U-^\Z% 

D N A # U 7< 7 -- bffi&tt ir O T 7 >y -t -r 

[0 0 17] im<ni5m%. *aes*^e.offl^ADNA 
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3- K-r-5DNA©*^$:3t«lriinTV^So ■ 

[0 0 18] m(off^L'^^mmmmizmK smmt)^^ 

^ D N A U ^ 7 - if « %S ^SJitc: -r ^ i: *iT' ^ -5 

ATI? U ^ 7— lf«^31Srti*iSti-S d i^i^^^tlAc, 

iZ. T. U h7'J7.0<f > hP>tt, tfDa-y:^7.CD<l; 
O-fii&O^O^l^Mmt. DNAU'^^UtriJliTllHMft 

(0 0 19] ^mM(D^^<D<^m(ommmm(DmM\zm 

tzK), i) T. U h7UXDNA7j?U/7— tf5rr]-K 
r-SDNAiC^fLTA-f >"J -y KJ^figr-SDNA^D- 
7'. i i) T. U ^7'JXDNA7}?U;>^7- 

-^^<i:S^S^£;■r-5^n;«:, ovi-rn*^S:fijfflf 

^UV^o DNA:/P-^S:. T. U h^U;^DNA/l?U 
^ ^-tf-Srn- h't--5DNAS2?nj{ca:3'(,iTf^S!f -5^ 
ttm^V< (Fig. 6^#BB-ti-J;) , — fit#:yp- 

tUf)^i^. ffi0iii<7)*ifflS*^e.©DNA#U;<7-±ffc 
b< tl-^©DNA*«{C LTyD-:/5SS:f^S!-r^ ;i t 

T-SCitCfflt^-Siif SbV^DNA^'J y 7— tf&tKDNA 
[0 0 2 0] 

T. U h^UT-DNA^U^^-— tf«, T. UK^UX 
«feNS-C75^6lJ#oItgT*S (DSM No. 5473, d 

>IC> ATCCgftS^No. 55233 iLT, 19 9 1^9^ 
1 7 BtC^KL-Tfc*^) , T. Uh^UXta, 198 

'1':fi7f^ttttW*ifflS-eS>0, 5 5'Ci:9 8'C.tOPBHr 
i#Jtl@HS:Wt'S<, Neuner. etal.. Arch. Microbiol. 
(1990) . 

[0 0 2 1] 5^^©Me«S:lHliR-r-5fc*tC. T. 'J h 
^'JXi£. Belkin, et al.. Arch Microbiol. (1985) 
142: 181-186 , (Cj;0sB«^?nTV»SS^f?CDJ;5)^tt 

M.(r)mmn.t$.%\z^m^-^Tmm-^'&^^iifi^x^. -e-w 



ffiiglrti. 1 Omg/ml «-f^':7Sa^0. 0 1M(^vXx 

^gg^ffli/v mmmz. m\^<^^vtz \ omiw 
^*i^Tsab. sir, 9o-9 5'CT% 2ummM^ 

[0 0 2 2] ^S@liM«. JgiTIC^-ri5;^t^®Pgfe^ 

nti<S^$i±T. n-j^T-A (1 0iiiMroKPO4 A'-y 
7r— , PH7. 4 ; 1. OmMCDEDTA. 1. OmM® 

a) 09J;3;'a:. ;KiEI'iS^-rsseK3Slc-pv^TiS5ViS 

©*97. 0OpH©{S*SA'->'77-T:^J7ASr»ct*-r'5 
llcblZiO. T. U H7'J7.©±TS^?g + JC#«E-rS^ 

ifci*^, A'-y^X-Act'lC^Sn^O. lti^^2. CM 
©NaC 1 <7).tp;5:iti^iia!^SBT»*^^m-tS. 
-i/ODNA3l?'J^7-1fettS:il^L, Mil, 

(C. A-y^T-Atfl'^Sn-SO. iTJ-^^l. 0MC9N 
aC 1 ro=k5fiifi^?Sa^BH?KTg*^£^tli-rs. DN 

T-A[c?*bTSWb, Mic. i^3iM^i7P-7 K;^7:7 
^— (HPLC) O'b/ ^QiJyA (m^^>^^m 

0 5A^e.l. OMCDN aC 1 ©J;57^Cifi:^»a^^EjKT 

SiifelcL. iiipfb, HlC. HPLC ^/-SfjyL. 

Atft::^^^^ 0. 0 5*^?)l. 0M<DNaCl«±5 

mams 0%(Df^S.X'$>^o dWS^Sr. 5 0mM®Na 

c 1 ^mSii^Tzn-yy T-AizMLxmomL&vi-t^ 
z t {z ji^mx&^^ms&n<Dttmitiz^ 10 ^iznm 
-r^z.tti^X'^^0 T. hyuxt)^^mmr^z.iitii 
T€r-5DNA7i?«j^7— tfro^^nto^J-^Stt. 9 7. 
4 0 oy;i/h>0^i-^»*^siio^Te.nTtiS7;t7.7 

tfc«lfL;t«^, *59 0, 0 0 0*^6.9 5, 0 0 0 K 
SaStLT, T. tj h7'J7.DNA;J?'J;*7-if«, 

xu^^itn^i'mizmm.^m^n^ c tAife-s ^ t 
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^att. T. 'J h^'J7.DNA/J?'J^7— t2fiie^^O=l' 

SDS-#UT^UJP7S (SDS-P 
AGE) lCj:^ct^;S:tt«©fife^Blc=ki9ft^-r-5C<h*i 

[0 0 2 3] 5t?U^7— fe'SftiE, DNA7— fiSLSb 
fc. feL<«. ettibLfcDN Art's, ttM*eT^'<JU 

miZiin^mttm<Dm\Zitm-t^o Lehman, I.R., et a 
1., J. Biol. Chem. (1958) 233: 163 , ;i«B8S^«, 

[0 0 2 4] 1 0 0'CIIi5lt^*^?^ODNA:l?U;<^ 

^7 h* < ifeT® 7 -y -t-f fig 

^i- MgCl2. x:t4^>'5?^U-:i-^K 

^Z.tiZ^<0^^-r^o 4- 1 8 0^)-<7)®fflfcS^^S!) 

[0 0 2 5] -?-©DNA3}?U;<^— tfO 1 0 OX:iZio» 
^^mmitX. ^m\Z\t. TrltonX-lOO (a-A& 

(BSA) <Dj:orj:^^imm(D^{ETizio\,-^xm^r 

-5 C i: T-^ -5, #N-f ^ >'fi«t^J4? 'J vX^;Hl: b 
/c (Tween 2 0) y;Hf ^ >^:y ^"^^ U >gE (Tween 2 
0. ICI Tp^'J;^Xtt) , SO^, xh4^->JHkbAc: 
7Ji/^;U7xy-;i/ (y:^;i/) Kay— np-4 

0. BASF "y-f 7> h*-;/ htt) $ffiffl-r^^it>T 

o^^ffitt ^ fiM ^ -a- s * -5 a t- i5 It ^ «igMiz: 

^EJ^0^{b*^^)lHl3g$-e-^. ^^{b?PJTritonX- 1 0 
OfcL<«BSA®?¥ffiTtCi5lt^, T. Uh^UXA-' 
^mm'^mUDNATniJ ^^—\f<Dl O 0"ClC*5tt-5¥ 

[0 0 2 6] 

T. U h7'JXDNA4^«J;^5— tfSrX, :i©»^^r: 
- Kr-55te^€-T. U h^U;^.®'5rV ADNA*'>?,i' 
n- Mk Lfc^©ffi^;^D N ASJKIC J; 0 d 
T. U h^U^DNA^'J y 7— ifJroVi 
T©^^;/i=i-x-f >/^iB^J$:. |«J1 4kb<DBamHI 



»r>T±0/\'i'xU^7T-->'NEB# 6 1 9*^6ll|iS-r 
C:C077-^vtt. 1 9 9 0^4^2 4 

(ATCC) JC^KL. :§ftS^ATCC4 0 7 9 5* 

[0 0 2 7] T. "J h7'JXDNA:!}?U ;<^— fe'©^^ 

m'mti.-^^n\z^\'f^w%mmaf-'Skmz.imu'^-z(D 

[0 0 2 8] 5feOg|igO#>!r€rSc-<r<7):&ffitC*5l.iTllfT 
-r^C:<i:*^T€S— T. U h^UXDNAJi^U^^ 
— tfSrn- h-r-&DNA©i7P-->i'!tOHT(i. ;^ 

*^ cos I i ® «iBS5Et:^ €r ^ U; ^ o 
[0 0 2 9] aife(c«i^e,ti/t<;^Vifcco©, :iro5F^ 

^i>fi< tfe. Fig. 6 0^i'^;i-5^H 1 7 7 
3 3 8 9 ^TOfeCDA-'e.T. U h 7 'J 7.DNA:1? 'J ^ 

7— tfae^ ofST 16 14 bpo-r > n p >, s 

tX, 5Ci7W':t5^K3 5 3 4*^e>4 7 0 3STCOt)©;»5^^ 
T. U K^'J;^DNA7i?iJ^^— lf€r«0f8-r^2® 1 
1 7 ObpC-r > ha>®it«)T*'5<»:#AenTI/i-5. 

6 <7) D N A 3}t ij ;^ 7 — a — H D N A -r 

T. U H^'J7.DNA7}?«J;<7— 

[0 0 3 0] 'f>hO>«. Jte^0 3-x-<>^®«E 
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Srf^fiE-r-SgW-C. C(D-f>hP>«, BgBbfcmRN 

IB®c?tlTVi-5 Krainer and Maniatis (Tran 

scription andSplicing (1988) B.D. Hames and D.M. 
Glover , eds. IRL Press. Oxford andWashihgton . D. 
C. pp. 131 -206 ) Sr#M-ltJ:) . -f > K □ >Sr^-r-5 

[0 0 3 1] L*^b;^75t^. T. >J h^UXDNATj^U 

^ 7— tf^a- K-r^jie^rtic#s ns:^^^EDN AgB 

^Zf^ Y- «m R N A U^)V-(:\t.fS. < S U"<;PT:X ^ 
■f. ±mM\^iZ^<'f^T. U h^'JXDNATj^'J 

[0 0 3 2] X. T. U h^'JXOl^^^ttJj^'J 

izmmu^^i^-mit. uTiz9f:-r^mwm(D^-^A^h 
L<\t±x^m^t^::t\z^K), m'^rsi&'^^'^izmmi 

P^-i57-!gfcL<life^M$&giJ&. (2) ite^fg^ 

o X -f 5=- Sr A n 0 ^ ^ fc 0 T s © ( c ^se ffl r -5 C t *^ 
r^^^^u-i^-m, (3) af?0efe»(DfcJ6£D'ji}^ 
st^. (4) ^^ttoejcswfcjiote 

¥fcL<«a»?f?itgi5fi[. T. 'J h^'JX7}?'J;*7— bf 

(Di7n — ~>i/Rlf^mizmm-^tl^M^f3i^^^ — \Z 

•y<Dm\Z\t. Agtll (yD;)t*rtt) . a Dash (7. h 7 
<y5'v->^t) . A ZapII (:^hV'y^>f->^) Iflh 



-5, y^XS KSOfi^lC^. PBR322. pBluescript (X 
hyy^V-ym , pSP73 (7'D^:tfa) , pGW7 (A 
TCC No. 40166 ) . pET3A (Rosenberg , et al. G 
ene . (1987) 56:125-135 ) . RZ/. pETlIC (Metho 
ds in Enzymology (1990) 185: 60-89) t^$>^, 

(0 0 3 31 mm^^wzsm,^ 

m^^tiM^U^ffi^^'t^o Maniatis. et al.. 
Molecular Cloning: A Laboratory Manual (1982) . y 

Y(nmn^mz-o\^^x^m-^^z.ttfix^^S'^ 

<nXmnW\Z\t.. JMlOl (ATCC No. 31343 ) . X 
LI (X h5'v:S'v->tt) . RRI (ATCC No. 3134 
3 ) . BL21 (DE3 ) plysS (Methods in Enzymol 

ogy (1990) . ±^) dt^-So Z.<r>l^<D^X^L.^—y 

1 , ER1578. mS-. ER1458 (Raleigh . et al.. N.A. R 
esearch (1988) 16: 1563 -1575) TS>0. HIC Yl 

089 Sr. '7h.^-g\\\(nmw.mz-o\^^xmmt^^tf)^ 
T^^o Y1089 \zii\,^x-^m-fs.mwMn^mm.-t^m 

■a (Arasu . et al.. Experimental Parasitology (19 
87) 64: 281-289 ) . 1 r-viC J: 

*McJ;ip. ^S«tl2r7i,^'-gtll«ffiglA7r-vT^ 

Vk-^^^. c<D^SfeLfcYio89 mmt. mm<^i ptg 

[0 0 3 4] yy ADNA^^^-f :/^U— CQf^i3R.tX 

f^^^ttT}^ u >t ^— tf g)x ^ ij - - >y 
(1) ft&©^#;*^^©ffl[itt^*-r -sae^fc^^LTA 

-< >^'J >y HJ^fiK^-tt-SdilCtSt)®. (2) 1S^©^ 
i»©ffllti4i'J;-5f£ttOii*?. (3) i^m^^^miKD 
Km^, S-^l^itt. (4) »*fiH4lC-3l»T©Xi7U- 
~>if, T*^. T. U h^UXICt5liT«iH^©^ffi 

:kmmP^X(r>T . U h^UX4?'J;*^— fcfiie^ 

[0 0 3 5] T. Uh^UX©DNA^. yy^J^WSi 

)^tLx-b\ fmmmWfik thxnx^^-rn-t)-^ 

T, y/A^-f y7U-^f^SJ•r•5©^::ffl^i'5;lt7!l^T- 
€S. '^^<r>l5mm^h\,^o Eco RlgC^i-Sr. T. U h 
^UXroy/ADNA*^?). Maniatis et al. . Molecu 
lar Cloning: A Laboratory Manual (1982) {Ci2®L'T 

m\^\z^\mx^t\yXWL*)'iLhjXh^, ^^m\^xv^m. 

f-SCtdWS Ltn BanHI , Nrul. RO^, XbalOi^ 
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[0 0 3 6] ^^^(nijm^. VxW^^mi^-t'zryx^ k 

■SZLtA^T^-St)®® (Young and Davis . PNAS. (19 
83) 80: 1194 -1198) , ^mn\zU^^. -yr-VJ^t^ 

pii cn^ofs.±x(D-^-mts.^m.mmm.m^'^^^t^y 

7-v'<i^i5'-*Wi L-li, T. Uh^'JXDNAO, 
gtiloEco RlgSt^F^'^roi'a— — ^i'fcj;!?, 
T. U h5'JX/}?'J ;<^-ifSr, -7^7 h -> 

att:/a^— ©Vi-rti*^T> ^a^-Hr-s:! 

[0 0 3 7] -SJKfigfnts. :i®5!il^-f :/^u- 

Sr, V'i7 7,<7)in:-T. 'J h7'J;^DNA7p'J^^— tffii: 
Young and Davis . PNAS (1983) , (rJ:DtBa$ 

[0 0 3 8] ^^^-f :/^U-^x^U-->i^-r^;t 

. U 5'— -tfJit^^^tS. Harlow and Cane , Antibodies: A 
Laboratory Manual (1988) CSH Press, lCi3tiTie« 

i7y7't7>K«SJit;tt^(£zg?Sl+^C<J::^»W^ L-ti. tit 
-T. 'J h7'JX/}^U^5— t^iix^^tSJtxf -5.7t->' 
€rilS?L, yy — ^mm-t^. Young and Davis . PNAS 

(1983) , 

[0 0 3 9] ^CD^, -gC^t)L<«^^;^tite^$:n 
-h'TS, T. U h^UXDNAd^U^^^-- tfDNA 
{Sl^a, .pBR322. pBluescript. M13, t)L<tt> 

pUCi9ic:*5iiTiJ-:7i7D->'ft;f -scid^T^-s, l&a 

x:t4^->^-*fflE?iJft^fe (Sanger, F. , Nicklen . 
S. & Coulson. A.R. PNAS (1977) 74: 5463 -5467) 
J; 0 Si^T -5 C t ^ ^ . 

[0 0 4 0] T. U h5'JXDNA7}^'J;>(7— fef^J- 
Kf ^DNACOI^^RIXT. U h7'JXDNA7}?'J^7 

T. U h^'JXDNA/}^'J;<7— tS'n— KT^DNA 
a A D N A j; 0 ffi* $ nfcS CO 1, L < «S5@ 



a^X.DNA*«, 3c.^®T. U h7'JXDNA:<}^»J 

t*^>*^^St^-rsc:i:<&^tro Mir. Wang, et al., FA 
SEB Journal (1989) 3: 20, «, DNA^'J^^^— 

D N A U 5 — tf 7 T - T 4 D N A 3J? U. 
^ J: r» ?iKa®D N A7t? U ^ y-^i<DT ^JW. 

mnL\tm.-r^^ii\z^^x. w.-&.r^^tif>(Dmm^ 
mm^^m^tnM. draa^jtDNAj&^^i^iiDNAd? 

U ^ 5 -• tf * n — K b T ^ d t <D3i mEftlA^ff ^ n 
-5. T. 'J h^'J7.DNA#'J 

ifSrn— HT-SDNAE^iJS:. «S|Ati, pET3A . 
pBluescript , pUC19 ® J; ^i^j:;*cKMlce63!5 

T^T'^T.^h*. pUBlIO, pTP5. SIX. PC194 (D^oti 
A'WUX • X:/^'J;^ (Bacillussubtilis ) tcfi3fe-r 
•Sy^XS H^. pSH19 , RIX. PSH15 <D^ot£^—7. 

A*i7 5=-'J:t>'7'-v, Ti'DA'i/x'J'^^A • <>'^7t + 
X>7. (Agrobacterium tumefaciens ) ©J;5ii^iHBB. 

[0 0 4 1] $feJ'IB«LfeJ;p{c. *5!BJirfieu. T. 
U h^UXDNA7}tU;*7— if$:=l-h*T-5DNAIi. 

i ) Fig. etCfeV^T. Xi'U-^t^h* 1776 ^338 
g^vjEd^S. 1 6 1 4bp«-1'>HP>feL<«:rhftE 
?|J. Rt/, i i) Fig. 6{r:tetiT. •^.^U^^VZSZ 
4*^54 7 0 3(C/2:*^^. 1 1 7 ObpOfecD, 1 1 
7 0b pCD-l'>hP>tix>KX;^UT— if^a-HL 

f)m^-^nx^^^, :K^moy^ots.m^mmnizion^ 

'^WmWz9tiL%. 1 6 1 4St/l 1 7 0 b pO-f > h 
a>®i^:^Sr=l— K-r-5DNAiE?iiS:[S;*-rs;ii:7!iW 
*bl^o ZlCDl 1 7 Obp©'1'>HP>*i:*c)l 

»I^TX7'^'r->>^^$n-5<i:LTfc. ;i«-f>hP> 

[0 0 4 2] -/iSWJc, -S-1->hP>^ig^L. M 
»C. X5'lx:t5^h*E?iJ{c:fett'2)fi:Mft«S:fTo^c^. D 
NAE^J$r^*-r^;fcJ6. OSO. -f >hP>?&-1'>f 

vu\z^\,^X7.-fy^ yy^^^^rzib\z^m-^^ z. t 
-ae.■t^^;^•'Jrf•7-sr■&^^LT. 2ocoS!i[B»fM-ora 
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[0 0 4 3] m(D:^m\t^\zmmLrz:f5i^(o?kAm-c& 

l*Mc07 7-vSr. pBluescript '^i^d'-cofflfe'^^ 

A^e.. fi'Nji'/i-^T-viRi toassssjciof^si-r 

figb. Mir. SBiJ-Wir-f >>D>^i$*Lfc7r-vD 
otr;u-:/«icbTiiViai-r. ;>cB®»c J 2 3 et^jT? 

gl^CDKunkelffi. Methods in Enzymology 154:367- (19 

87) ^mmLT, ^^tc-f >hp>*^^*$nfcf^K<^ 

[0 0 44] -f > hD>Sr^*-r^CDICfflli^il<h7!itT 

Maniatis. et al.. Molecular Cloning:A Lboratory Ma 
nuaK (1989) Vol. 2 , 2nd edition , CKDWS^H^I 

J;. ffijgfcMPi. y^-fv-^f^sbT, ae^o7 
[0 0 4 5] 9cizwsm\^rzism^mmi^T'f>bn>^ 

©«*^iS«<?:bT4b^©:^©AXWxy7-1'XiS-& 
b f§ ^ ^ i ^i^aUT ^ ^ . 
[0 0 4 6] -^-1'>hn>=&^*-rnti. T. *Jhy 

^5— tf^^©rtBttiSgi5fiE^i-IS*^e.»fllb, Jgf:-^© 

ynt-^-tc^bxci^/i^'j j< ^— tfae^ i&ae^ 
d^T-^s. *BJiM»(^^c§lffl:s:i5tbT5l•^ii^T^ 

Rosenberg . et al.. Gene (1987) 56:125 -135 

mm^m^S^m^ (Kunkel (1984) . ±^) ^mmLx 
$iJISeW^fPSb. 513. ^;'3^yp^-iS'-©e:^S 
OfaiRiBg5TlCi3tt^fc®®ctp;fa:i6]^T, ^^5'-!*? 
(r:iOT. U h^'JXDNAJp'J^^— eae^Srtegt 
^ ^) d i: J: 0 fr ^ C t d^T- # -5 . 
[0 0 4 7] T. U h^UXDNA/t^'J tfSr-^tt 
T. U h7U;^DNA5t?U;>t5— tfae^WifiitfC 



*?gifflS4^^C?lffl:3:S«<i:bT1^0Ji^T-*S. Shine an 
d Dalgarno. Proc. Natl. Acad. Sci. USA (1974) 71: 
1342 -1346^#M-ti-<t» 

[0 0 4 8] c:om^x.'<i7^-$r. mnm^Rzf^yT 
-i^m^cotztbommmfinm^mmLx. mwj.mi. 

m^mXT^. m^it. Cohen . S.N. . PNAS (1972) 6 
9: 2110 . Z0m^it^\micmtbxm<O]hA,X'$>^. 

mofztbizmm^nx^^^. /\*->;uxojgHte^(i. ch 

ang . S. . et al.. Molecular and General Gnetics 
(1979) 168: 111 . :L(Dmm\tmm:ZUtLXm<0^ 

^Tfe^. tctje-pTfr^, -i-7.h(Dmm^mt. pare 

nt. et al.. Yeast (1985) 1: 83-138 . C<Dm^\i 

^\m:$:mtLxwLK>i^/oX$>^, \z'^^xno. 

nm^m^Wtt. Shaw. C.H.. et al . Gene (1983) 2 

3: 315, z.<Dmmt^\m'ScMthxw.^ThhjXh^. \z 
m.m-^nx^^^^^m\z'^-ox. T^un^^^<yh. • v 

;<7 7+X>X (Agrobacterium tumefaciens ) TJ^H 
^JA«, Virology (1973) 52: 456. ::OW*tt5lffl3t 

i)5^:bTlll^J^^^T^5■5, ^zum.^nx^'^^ijmz'^^ 

X'uo. MiiWHaSKDJ^Hfe^tt. mX\i. Biotechnol 
ogy (1988) 6: 47. C(DWS^H*:?^iJ*'t'{C§lffl:$:®t 

[0 0 4 9] j^MteM^^*. ffiffl-r^^iiffliiaiccfco 

T, C<D=k5;S:Sei!aicjiT^«iPW;^j:SH5^^fflbTig 
«T^. ;>cMBO««{'t31,iT«, aBSaSr. LB 

(Maniatis. ±m '^X. Z OXZij^ib A 2'X:X\ + 
Fe^log t)b<«SSffilc$TlSJi$-ti--5. 

[0 0 5 0] :L(DT. U h7'JXDNA5}^U/7— 
^. }gKgiebfcaBjiS!iS«ig«t»A^^, C^Jxti. iS«b 

J: 0 mgist^ffis-r S d t *t T # ^ . 

[0 0 5 1] T. U h^'JXDNA#U>l^— if^&ig* 

lH]»KbfciaiIJi§<S:jg«j7^J:/\'-y7T-^J£lrS 
^b. ilS^ig^^aS. Uy^-A. «igS5« 
(::J;0teS-r-5. T. U h v'JXDNAtJ^U tf€: 

[0 0 5 2] T. U h5'JXDNA#U t^*<lgS 
es® J: p ;iS:5J-aJttMeK .t coiJ^Me» i bTiJ-a}$ 

[0 0 5 3] m^±.m^v<\mmmm^^\z^^ti^ 
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IS. sDs-3}^'j7i7U;u7= \^¥)vmm.w.mm<!:)^o 
[0 0 5 4] ^<D^&^?Lmm(DmmRxfmwz»^L\,^ 

[0 0 5 5] mW\Z. fflaSSr, «iSbTa5n«^^L 
T. A'-y^T— A (1 0 OmMWNaC 1 . 2 5inMOHU 
X pH7. 5. 0. ImMOEDTA. 10%<DifU± 
P— ;t/, 0. 0 5 %OTritonX- 1 0 0) (D^^UM^ 

ne^. pH*i*5 7. OTa&^ffii^A'^v^T — Sr*^A 

^a«|gcfg§»^ffl v^T;^ ^ A^i5t#1- s ^ 1 1' J; 0 1^ 

^-r-S, gfeit^. 0. 1M*''S1. 5M®NaCi;N*-> 

^^m?:-^tmzV. S^L-, Hic. •7;i-X7*-tr;l/ 
p-7.*^Aic«-r-5. :i©;^3 5A^gfejtL. DNAt}? 

fe'Stt*, A*-;/:7r-B (lOOMONaC 
1. 1 5mM®KP04 , 0. ImMOTEDTA. 10%<D 
ifij-feP— 0. 0 5 %©TritonX- 1 0 0, pH 
6. 8) <P\Z'^^tl^O. lA^^l. OMONaClO 

ir. ^^HlCBSA^^JOf'S. DNA3j?U^7— tfft 
tt$:=fl-r'S)i)-iii€r-i<i:4i)fCt--S)o mm^tl^T. U h 

mmmmm?:mm Lx-s.\zmmr^ z <h*<T€? ^. 

[0 0 5 6] 

A'-;/7r-*T«#-r-5 : - 2 CCJCijlt-S, 0. 0 5 
M©NaCi, 0. 0 IM OKPO4 (pH7. 4), 

0. ImMWEDTA, SZ/, 5 0 %<DifO-ta—)V. 

[0 0 5 7] *^?gOT. g h5U:^DNA/PU^7- 



c D N A O i; □ - X > y I C i3 -a m 2 m © c D N A ^ ^ 
S-^tym^ADNAftlR, RZS. DNAE^Jft^T'S 
^. Maniatis. el al.. ±j$. 

[0 0 5 8] *^B^®T. 'J h5UXDNA#'J;*^- 
^fS:^t;^«J=bL<^^ile^WIC<gfftT3 ' -5' X^- 

[0 0 5 9] m&^mzmmLtzT . U h^U 

XDNA3}?'J^7— fe*5:,. T. U U XDNA^U 

^-ifae^€r5>yAic§5^^s^%^-a-. ^w^. 
^m^v rzz.ti'E> (omm^mi^^:^^ u -x > y-r c 

T«, ae^^WtC^SSL-itT. 'J hv'JXDNA7}?U>^ 
^— ifSr, KunkeK T.A.. PNAS (1985) 82: 488-49 

2 , z<Dmm\t:^mmm^iz3\mi^utvxmK)&/vX' 

[0 0 6 0] *^BJ«T. ij h^UXDNA^J^'J 

^7— tf^, ^«0> 7|^H<^fflF#^4,683, 195 

. 4,683,202. RU. 4, 800,159 »C*3V>TM*^EnT 

vi-5:^fe(c<to. DNA^m<iis^^^oizmmr^z.t 

[0 0 6 1] yyADNA^-r:/^'J-g)f^^RZ^T. 
*^BJlCtSVi. T. 'J h^'JXODNA^'J fe'il 

e^A^e.i^ssbfcDNAT'o— Ry:/x«, •^'yx 
-5. gwSifflMyy ADNA^-r:/7U-K)i7PxyN-f 

:/U -y ^-y-yn-y*;:^ (Methanococcus ) . 

(Methanobacter ) . /•tfysi'peo 
A (Methanomicrobium) , /\a/'^i?'T)V (Halobacle 
r) , ■t;i'^y7Xv (Thermoplasma) . -tJl/^ziyi] 
X (Thermococcus) . \dn:3ytiX (Pyrococcus) . S. 
Zf. -e-O^Ofccoco (MpM. Woese , C. , Mrobiologi 
cal Reviews . pp. 221 -270 . June 1987 . ZLCDgg* 

-a-J:) J:^35:fi&©*ifflll*^e.©DNA:t?U/7— tfite 

[0 0 6 2] -jiSWJC, ft&0*ifflffi*^e>©DNA«. 5t 

'J h^UXtll^, -a*f8L^cC©*iW®ODNA 
t). ^>^A:^»r>i-tUT*\ ^fS^j^KM" 
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t^^tJo "torn, ^-fy^U-S:, ^-W/N-f-yU'y 

[0 0 6 3] gift^SlfeKHDNA^D 

'J-::i>^-rs®tC^ffl-r-5C:i:;5^T#^fc®© (Yo 
ungand Davis . PNAS (1983) 80: 1194 -1198: Mania 
lis et al. . ±m) , ^^mizmK yy-'J^i)^^ 

[0 0 6 4] 3D--fcL<«y7— i'A'f y HJ^ 
figft (Maniatis. et al., ±m) $r^fflLT, ^-51^ . 

<\tZfy—i/J\^yU'y KJ^^ffitCiJliTti. dna:/ 

T tr IB® ^ n T I i ^ J: -5 ?S *5 T Hi! M tc St S 

-5, 

[0 0 6 5] S-*aBM«, gWDNAO;^ 

m^r^z.tf)iX'^^. I'mmt. mmm\z 

ti. 4XSET. 0. m (o^jym.i-h^j'yA. pH7. 

0, 0. l%ONatfoU>K, 0. l%OSDS. 1 
Xy'y/WXmM (Maniatis. ±^) I'TffPo ^P- 
ZfCDM^h, T. U h5UXDNA#U^5— tfite^ 
0-y-<X&tXM^{cHabT^;i-5e:<i:*iT^^ (Fig. 
6) „ mmyo-zTit. ±^l^hL<\,tfh^\,^Dl^AWi 

T. ^) h.yU:^<Dit■^mm<D—^0^\z^±^z^^ 

^mvtz^-^j ^y—\£::t-y^^ >ifmmzm^^n 

[0 0 6 6] —i^m\zit, c:©dna::^d-:/«. Fig. 



C®DNA:?'D-:rf4. '>;5:<tt>2 OJt^/U;*-^ 
h'»«fi^T^^'^#T-*0. ^i>7S<<ht)*tJ5 0 5?i'l' 

5 0:3?i'U:t^Kii-rofi$TS-5Ctdiftt.<ff^Lli. 
fi^ffl -r ^ C i: T ^-^ 3 a ^ (D ;i W J; p i^j: D N A y P - 
1. 3kb»r)t (Fig. 6 0^5^7 1^^^ h* 1*^6 1 2 
7 4). 1. 6kb»fM- (Fig. 6<^p?i7W:t5^K 1 2 6 9 
*^e,2 8 5 6). RZf. 1. 9kbK>T- (Fig. 6 ©p? U- 
:t-5=-H 2 8 5 1*^^4 7 7 1) T'*^. 
[0 0 6 7] T. ijh^ijxra^. ^WSifflScDDNA 

y-i^ik^mmLxw^t^ziihx^^, thi^/^y 
- i7 a ^<5giH L T y y A^iK 7 -r ^ u - * 7. i7 u - n 
>y-rs«-&, z(Dmm-imm(Dmwmi^ii^mrzLx:k 
mmmxmmr i>i)^Eo t-^mmik'^xh ^tz^. a g 1 1 1 

*ifflffiDNA€:Agtn®EcoR IggfirOJ; 
^JSSCffil^'vi'P — Mk-r-SCtt'JzO, AgtllSn^A 

zapir (*3ici3^tS'<-^7 — h->y— tftoffli^ 

[0 0 6 8] ^W*iHBM*^e.©iK-* 

ii L T I i ^ © D N A 4^ U ^ 7 -■ fe* IC ^ *t;^*: {C J; 
0 (OSO. T. 'Jh^UX. fl!l®SS?S»l»itt^i^) 
Young and David . PNAS (1983) . ±a>. lCJ;»3tB«$ 
nx S J; 3 ^c^ipWf^c^ft^/ 7" 5- - i7 ^ 

[0 0 6 9] ii-rn*^»:^ii€:ffifflLT. 
< ta^^^cSe^ ^ n - h* T S D N A # 'J - 
•tODNASr— SI^^TtlJi, PBR32 
2. pBluescript . M13. feb<ti. pUC19 rtTit:/^' 
P->'fk-r^Ci:75iT'#^o #ST*n«. it 
>>'^-®v5^^4^->®*^9i^ffi (Sange . F.. Nick 
len . S. & Coulson. A.R. PNAS (1977) 74: 5463-54 
67) ICjcOSt^T^CltTJtT^^o 

[0 0 7 0] 

DNAifif) ^y—i^^:3- Kf -SDNAOI^^ 
-gyyADNA^^^-f y^U-^f^SJL. * 
ifflMODNA$-3— Hf-S^WDNA^DNAyp-:/ 

^>ra^-rntf, T. U h^UXtCOUXWDNATj^U;* 
5— tfE^Jd^. T. 'J h^UXfroiiX^fefCSeurcJ: 

X^D-Si' □—>€:. it>-:^-v-(7)>'x:t=*^->E?lJSl^ 
ft® J: 3 ;f5:S^W;^:)&ffi<r J; 0 SBJiJ^i^-r ^ d <i:d<x# 
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[0 0 7 1] ifttEmm<Dm^. &m^^:8LZfm^. r 
^mm(Dm<Dmmiz'^^K fis®*iHBB*^e.oDNA3pij 

h^^^Ltz, MIC. ^(D^ofX-^ yVU>\t. T. U 

^t^^^X^tz. <l;0*#:WtCld:. *^?«ICtieoT, -f 
>hP>«, T. U h^'JXRt/lfDa->*7. (Pyroco 
ecus) aOjl^^©DNA/}?'J^7— tfWiie^tf ICiStt 
^Pol a«#®«^:5^-7F*5{c:ll^$nT^iS. SIbH 

ne>»DNA7j^'J;<^-1flCOViT, n— x^'>i;'®« 

^-r^;i<i:*^T#-S)o^CD'r>hP>;!)^ T. Uh^U 
XRt;/X«bfn=J'y*X s p. ODNATj^'J 

T. U h7UXfeL<«fcfP=l>:*;^ s p. ®DNA 
7}^ 'J ^ 5— ifite^ O-f > h P >E?'JlCS*-r-5 D N A 

•/p-yi'^^-r-5®si*iia/A-f -y KjgfiEtiio^n 

-SfflMODNA/i^'J^t^^ifae^^rP 

^Rt/^SLTsntf, -^oDNA/jt'j ifae? 
mm%, (1) #?sflMtt»fM-<&ii^T^fci?)j3, ffiioD 

NA7}?U^7— t't. (2) l'OfcL<«^ 

ic©^^ I - V I i)^^^VX\^^i3.\^^Z.t^Um-t^tzi^ 

[0 0 7 2] -si^^rtiti. mz%zmL,tzt^ 

RXS. T. U h^UXDNA^U^^-ifitei^l^ 
tCfctt-5 2 0«-f > h P >Sr^*-rsfci*cD3ISg«sjlc:i3 
tt-SS^BtCcfcO. -E-O-r >hP>Sr'f >fhPtC*5tiT 

[0 0 7 3] ^x¥\zm-r^mm\t.. m^^n-r^ctf)^ 

[0 0 7 4] HiSt^l 
±)]^'E=l-ji3X • U l'7'JX;»-'g)g)|^^^ttDNA;i^'J 

T. 'J h^'JXlSNS-C (DMS No. 5473) Sr. 1 
0 0 U h)KZ)^eai^iJC*5liT. 1 Og/ I (Dm^mfs. 
'f^'^^^tJ. Belkin. et al., ±i$. (riOSKSn 
Tl>-5)««!tt>T. iKj8 0*C©Sii5iiSXB7tiaST2 Bra 



iCiOBJRt. Mil. -7 0'CII«#tfc. SBflSroHJiR 
'J-v hJUSfcO 0. SgTSofc, 
[0 0 7 5] 5felC|BmLxfcJ;pl35J»L/iiaiflScD 1 8 3 
g 0., IM ©NaC 1 €:-b05 5 Oml(7)/\'•;/:7T — 
A (1 0iiiM©KPO4 /N'y^T-. PH7. 4:1.. 0 

mM(7)EDTA, 1. OniMO'^-^ ;<jU*yhX^y 

-JW +IC«^lx, MIC, 4'Cl;i3iiT5 5i-raM^SJ8i 
SLfc. 4'CICi51,iT3 Oii-ra. 15. 

0 0 Og TS'L-L-?^:. Z.<D^mmm^. 4 7 0inl«)77 

ti'yK (A-r^^Htt) ^aL;^Co 
O^. ij^A^, O: IM ©NaC 1 ^-^tSl 0 0 Om! 
OA*-y 7r— AT^fetf L-fc. :i©*5A^. n-j^r — 
Att'lC^^tlSO. l*^e>2. 0M«NaClG)200 
Oml(Ditt^it*^EJl^'C^mL;t:, DNA/J^'J 5— b' 
li. *<J1. 3M»NaC 1 ICiiliT^— <Otf-^iLT^ 
ffi^tl. *^AICttLfc«tt08 0%Sr^L;to DNA 
3j?U;^^— tfcDlf-irffittSr. 4 U >y hJl/®/\'-y 7 r- 
AlC*fLTSt^L. -e-O^. 0. lM<DNaCl^^tr 
A*>y 7r — A-e¥ffi'ft;Lfc8 0nilK)7;i-X7;ffe;UP — 
XII«*L;t. ^<Di;^A^O. IM ONaC 1 ^^tfA* 
•^/^T— ATJfc^b. A*-v7r — Acf'WO. iJi^ei. 
OM CDNaC 1 ©1 0 0 OmKDit^jftS^ET^tli L 
fc= filttH. 0. BMCDNaC 1 IC*3lt-2>m-«tf-i' 
tLT^ffi^n. :^7Alc«L;tffitt0 7 4%^^L 
fc, — S^a6lcLfcgtt (15 Oral) QOOmlWA' 
■^/yy-AIC^fbTStffL.. sic:. 4 2ml®DNA--{r 
;UP— X;t»7AICfl^Lfc. dCO^^ASr, 0. IM WN 
a C 1 Sr-^O/N'-y^y— AOS 4ml7'Jfr.itL. B^Stt 
«, 0. 1*^^,1. OM ON a C 1 CDA>y77 — AOit 

0. 3M CONaC 1 l;i3lt-5*-©tf-i7tL.Tmai$ 
*^AIC^Lfcgtt0 8 0%^^Ufc, ^©Stt^ 
-Si:i*lCLfc (9 3nil) . -S tidiC Lfc^H^. 
0. 0 5M ON a C I <&^0 2 U -y HJl'OA'-v^T— A 
ICMLTS^L. ^O^, 1. OdIOHPLC 
Q:^35A (7r)Uv->7a) DNA#'J;<5 
-• /N'-y^T-AtfOO. 05M*^&1. OM 
ONaC 1 Ol 0 Oml0B:^»S^E^T^mb;to D 
NA7}^U>^7— Ifftett, 0. IM ON aC 1 iCijttS 

#-oe-i7tLT^m^n. ^^An^LAcettoi 

6%^*L*:o — StfelrLfc^J-iii (3. Oral) Sr. A* 
>y7r-AT6iDltCf&f?L. MIC. 1. OmlOHPLC 
^:y-S:^;7A (7r>'I/^->7tt) IC^L. 0. 0 5 
*^e>l. OM ON aC 1 OA'y-7r— ATO 1 0 OmlO 
B«ISSi3iB?KT^mLfe. ettti. 0. 19MONa 

c itcistt'S^-otr-i^tL-T^ai^n, i^^aic^ 

bfcffittO? 5%Sr^Lfc. 

[0 0 7 61 SDS-#U7i^'JJW7 5 Ky)W«a*i<i 
(SDS-PAGE) SO^. -l^O^O. i7— ■7->— 
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— (Neuhoff . et al.. Eectrophoresis (1988) 9: 25 
5 -262 ) ±13, ^lOmmo^^^^zso-f H^fe ( I S S 

zfnzfjv--) <&^fflT^ge«G)^felcJ:0. DNA 

-ofi9o, ooo*^e>9 5. 0 0 oyjih>X'$>io\ 
-a^Tii. 18, 0 0 oy;uh>tr#ffibfc. Fig. 1 

A, #^#lC/h$lVN*>H*«, mSO, 000*^^85, 

fzK). 3 0, OOO^-ffitSO, 0 0 0¥«iOD/J^U 
— fe:«{4orB^©#SWStt^&*L^c. giJtrfrofcS D S 

- d^UTi"J;l'75 h*y)Kw:feV>T. ffiSL;feT. 'J H 

ejOfcK-rciiilCiO. 9 0, 0 0 0*^5)9 5, 0 0 03^ 

ilCctO^fig^li-, -e<D^. Hager and Burgess , Anal 
ytical Biochemistry (1980) 109:76 -86IC<tOIS« 

W. Sf^^ttDNAl^'N.OiROji^-tCiOjBI^L ($t(C 
sB«Lfei5{c) /Btr. x+y3?5'U-T— tfStttro 
v^TT-y.-fe-f LAc (^:l«a|5l'*5i/iTiamf^J;5{c, 
3H-^^;ULfcDNAO, ^Bl)^tt^^COSfc{tl(r J: 0 
Ste^tl-S) . Fig. 1 BICi5l.iT^-r«t-p(C, 9 0. 0 
00 75^ ^95, 000 yjV h >©/N*> F©^^*J. Jfl-STS 

[0 0 7 7] C©DNA7PU^^— t?liS}#J€r, 0. 0 
5M ®NaC 1 Sr-g^tyVN'-^^T— AtC^bTS^ffbfc, 
SDS-PAGE{CJ;f5ft^Lfc<i;plC. 18. 000 
iS';l'h>©SeHO:^a55i-75^^SK^lcetlS{kb^c, T. 
U h7UXDNA7pU>7— bfCOlUiR^li, SaWMfi 
K^J-t»rfrJ;0 0. 5mgT*^t*S$n. fj^Z), Ztl 

[0 0 7 8] mnLfzT. U h^U7.:i^U^7— tf^« 
&'^UJ-r'5fc«i)CD^a6te®LTfe-5 3P'r HSSfe (I s 

^?nsaaKA*> ^9 0. 000*^695. 00 
izMt^m~yji'±x'<Ditmz^iD. cw^j-Tasi^^ 

ffofc:^^->>. 2 0 0, 0 0 0y;Uh> ; 
*U7— ifB, 9 7, 4 0 O^'^l'h^ : B S A. 6 8, 

0 0 o^)Vh> ; ^/vi^y^>. 4 3, oooy;n> 



•> ; *^l'jKxyi7 7>h K^-- «f, 2 9, OOOrS^JUh 
> ; b-5d/ hi^p:ru >. 1 8, 4 0 0y;i'h>;U 
V5^-A. 1 4. 3 0 0i^;i/h>. 

[0 0 7 91 mmm 2 

A. T-^XCOgt-T. U K5"JXDNA;}^'J;^5— tf^ 

0. 4mg(D:!fiuy-y—\fm&m^'^ts3i!i\<Dmm i^m 
mi(D:f3mzi:iomm-^nrz) 4'ctr*3ViTi^o. 

SmltCigiBSL. MIC. 2E®v-:7 7.*^a-rs©tl<Seffl 

L/C. mmi^rzT. u h^ux/j^u^^-- fiiiiijifett. 

i'--7->-:/;i'-T^feL/iSDS-PAGE±lCi3Vi 
T, *>]8 5 - 9 5,. 7 5 - 8 5. Rt/^. 10-2 5kDal 
(0-tt^O4*®A'>H*>e)7i-pT^5/i. Ilfig««ll IC*3 

9 0-9 5kDalT*^o ii5:^0DT. U h 7 'J T.?}^ U 7 

-■ tf^tifamtt, zai^mfpizw^r^^mm^xcom. 
[0 0 8 0] ^^t<Dx^'y3L-Mi&.T\zm^r^t 

vr)X3c>r>rz:^^Xl^yn-f>\i<D^±mm\ (F 

CA) mz^^n^. 9t<Dj:oizmmi^rz. 2 0tig<D 

T. U h7>JXit?U^^— tfT. MKl^ (IP) T^feS 
{bLfc. .7 0^. (i5:50V>:7XSr, FCArttr-^Sn-5 

50 /zgOT. U h^UX/}?'Jp<7— tfT'I P (JMKf^ 
a«) (CJ:D^feaE{bLfc. 2 7Bft. iSS:^©^"^?^^. 
ya^>\i(D^^±mmmP^\z^t.ti^3 0 ug «t. 
U S7'JX/}?'J IfT (v:7Xl), 5 0MgO 
T. U h^-UX/J^'J^t^— tfT' (•7'i;X2) , IP(C<t 
OifeS<kL.fc= v-:7X Ui2jarBl«icffiiiib, •7':7X2 

«2 0 a^icaftifiiu/i„ jfiimii, mmmui^miz^osk 

i&'^''^MMlyfz (Harlow and Lane . Antibodies: A La 
boratory Manual . 1988) . 
[0 0 8 1] iW-T. U h7'JX;}?U^7— ftaJfiitS 
Sr, 1%®BSA. 0. l%©NaT>'K. 0. 1%<D 
PMS F$-^tyTBSTT (2 0inM©h'J7.> pH7. 
5, ISOmMONaCK 0. 2%OTween20. 
RZS, 0. 0 5 %<DT r i t o n - X 1 0 0) fHX'^^ 
Lfzo 

[0 0 8 2] :^Bi^^ilj^tCj^t-^gL- T. U h 7 U X 

:k^<D!kmt)^:kmm<DS&mtS.m-ti>rztb. &.Tizm 
■r:^ffi*ffifflLT, T. 'J h^'JX7}^'J/7— tfcDStJfa 

51 t) L < SrX5"J-x>yfS«^cOA' 

y;H 0 (A--f;f7Ka) tcie^S-ttfc. 4iB!«:*:JSil 
aSi$:TBS (Jfe^^-^S^CUiTBSTT) X2m^t^ 
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Ltz, 0. 3 5inl®jfilW^, TBSTT. 1%®BS 
A. 0. l%«NaTvH4'T*«Jl*^?.5f&lCf&fiL. 

I'io-^u-y h«t3L. SIC. jfei^Lfc. miKsnfcifi 

[0 0 8 3] 7.^5"J-->^®fc*lr(J. HilKlr^-arAc 
jfilffiS-, $fe©J;ptC. 1 : 2 0 OCDSi^aglcf&^b 

[0 0 8 4] B. T. U l> ^ 'J X/}^ 'J >C ^— ifa^^tC 

[0 0 8 5] T. "J h^'JXDNASr, &rFiZ7p-t^f> 
iZ^^mzmitLtz : 4 tig ®T. U h^UXDNA 
^. Eco RiyN'-y^r— (Eco KV^'yyy—=5 OmMCON 
aCK 1 0 OmM® h'JX. pH7. 5. 2 OmMCOMg 
Cl2> 1 OmMCDBME) $rffl^i'5 4 0 Atl C9SI&S^4' 
T. 5mfi[COEco RIT. 3 y-ClCiJliTtSftLfc. 3 m 
1 © 1 0 OmMEDTA^. 3 0, 4 5. RU. 6 0^ 
\Z. 15/xl (DUWz^VxmimLrZo 2ng(DT. 'J 
K^UXDNASr. Eco RI/N'-y* :77-?rfflli'5 2 0 jLi 1 
C0SJ^:^4'T'. 2 0*fi:OEco RI^rfflV^T. ST-CTO 
O^J-FalJi-ftL. 2^1 CD 1 0 OiiiMEDTA©^Sn(rJ;0 
SJS^f?ihb/co 0. 2 Mg ®^tmbi^$r7:tfP-X^r 

©T. U h7'JXDNA©Eco RIg^i>ti{b#) (6 Oi^m 
it^-h^(i3(Dl A u \ . 9 O^tB'fk!^*''^)© 1 9 M 

1 ) * .hJe){rLT. TEco KIT"— ;UJ ^rJ^fiKL. 6 

s-CTi 5 5i-raiinl»L-;to 

[0 0 8 6] 0. 5 Ml CDEco Riy-;L'^. SmW^Sil 
i^A-y7r- (ai^A--;/7 7'-=6 6lllM(D|-UX, PH 
7. 5. ImMOATP. 1 mMCX-^;!/ = v>, 1 OmMO 
MgCl2. 1 SmMCODTT. RZS. 2ing/ml CO-tf^^ 
» StXO. 5mI OT4DNAU;tf— t' (r:^.— T > 
A*'f:t73J^*t. No. 202 ) ^£:fflli^5«l O 
SJ£;?g4^I'*JliTEco RIT^J^L. mmc^T )Vtl ^) y ^ 
k'Tffl31L;t 0. 2 8g CO^A^^-gtllCD 

DNAicSi^^-frfc, 1 6t:T-«6ff 

•zj^t, 4 Ml cDC0ai^sfci;#;«. mT&7t(r)mmm\zm. 

li. rf-;i/K (X h ^ 5^ v'- >a) *<5e 

fflbTi*AL;to 2 ^relO'T 

3>0^. i*AL-/S:777-v^3T»<0i'aD7:t;i'A 
SriiJnbfcS 0 0 Ml COSM (SM= 1 0 OinM<ONaC 
1, BmMCDMg S04, 5 0 nMO h U X . pH7. 5. 
0. 0 l%0-tf7^» «fTI&f?Lfc. itALfcEco RI 

5^ :/^'j-^lS^V6- 1 z.ti\t.. 1. IX 
1 o5 <DW^f3.y7-i>f)^<bys.^h<Dx-$>-3tz, ±mm 



»ER 1 5 7 8 7-i^^Pk(Dfzl6tZ&mLrz, 

[0 0 8 7] 7Ay-gtll%^7-f :?'7'J-CDf^,^^yi 
;5:Xjrij-->y 

©1: 2 0 0(D^^<^=§:m^-^Xy.ifU-~>i/btz (Yo 
ung , R.A. and R.W. Davis . Science . (1983) 22 
2: 778 -782 ) , tit-T. U h ^ U XDN A/}^ U ^ 5 

—n^skmtKmr^ 3 6mm<Dy (vi 0-2 

2*'>f)V 1 0 - 5 5) SrttAL. air. i6a?iro7r 

-i^^mrnvtz, 

[0 0 8 8] z(Di 6mm(Dtn{$^m^y3.y7-i^^mm 
Lx..:kmmK- 1 2»Y 1 0 8 9t:mmmit^itrz, 

8S^Mi£®l^^tt(^DNAi}?'J^7-1f?gttlCOViTX 

[0 0 8 9] dtl^OD 1 6a^©^MM*^e>«'>XX^' 
>:/:D>> h (Towbin. et al.. PNAS. (1979) 76:4350 
-4354) S:. *a-T. U h 7 U X^l^ U ;* ^— fefJfiJfiimT 
K^bTi^fco T. 'J h7'JX#U^7— ttfiifilWiS 

. 

[0 0 9 0] 1 6aSOST;#:^tt7y->'00 5-^©8a 

«^&lSfiH4Sr*iJfflL.TlSiaL.fe (Beall and Mitchell. 
J. Immunological Methods. (1986) 86: 217-223 
) . 

[0 0 9 1] m.fa^^mmiyxmmLfz8mm<nm.wm 

y-iftT. U h^UX«*jSS^»JgK)S:^«':7XX 

d^yzTay b^mmLx^fzo neb e l 8y^-:i7*^ 

■tfRD^T. 'J h7'JXO*««^Mffi<!:!^SW(cSJ£:U 
fco cntt. 7r->^NEB 6 1 8;^J. T. Uh^UX 
#'J ifK)i^3 8kDa / *SSra— h* LTV^ 

^ d 1 tiHEaST* o /c. 
[0 0 9 2] 7 7-vNEB 6 1 8 Wttga^^Rg/Eco 
R»f Aa>rn-g)-t)-:/^ D-- >^ 
■>XX^'>:/D>y h^i-tfrlJ. 7t— >*NEB 6 1 8:f!)^ 

T. u h ^ u XTp u ^ 7— ferjr[iftt?iici^-&-rs*«] i 5 - 

4 0kDa ©■y--1'X©«eHtC*3;t-5lSaO'<7'^K$-&fig 
-r-SdtS'^bfco 77 — v'NEB 6 1 8*^^C0DNA 

i^mmt£:^miz^iomi^mmm^'bmmLrz (Mani 

atis. et a!.. ±j^) , NEB 6 1 8DNAOEco RIT 
(Dmit\Z^D. 1. SRZfl. 7kbCD»rM-di*L;fc. N 
EB6 18DNAC9ECD Rimiti^^. Eco RlT^»rL;it 
pBluescript (ODN AlZ^^^-^fZo 2 0m1 OpBlues 
criptSK 4 0m1 OEco RI/K-^ 7 7— +T, 4 0 

**5:<OEco RI^fflViT. 3 7*CT3^^1, ^-O^. 6 5 
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t:Tl S^mmitLtZo 1 0 ug (DNEB 6 1 = 8 DNA 
4 0u \ CDEco RI/N*^y 7 7 — ^^T. 4 0#tic^Eco 
RI^ffll^^T. 3 7rT7 5 53^Pb1. -eo^. 6 5t:T15 
6^mmitLtZo EcoMX^mmi^fzl. 75Mg<^NEB 
6 18DNA^> 1 0/zl (Dil)gA*^y7*7-4^T. lu 
I CDT4DNAU:tf'-" tf (^il — r>i7^.^>K /\*-f^ 
^Tj^Xa, No. 202 ) ^rffll^T. Eco RITW»rLfc2 0 
ngCDpBluescriptSK +lcajg$-y:fCo- dCDS^^jiE;^. , 
1 6t:(C^5V^T-BfefTofco JMlOl CaCl^^Siiflg 
(Maniatis> et al.JiizE) ^5^1 (D^^mmJ^f^M"^ 

; ^7n — >V 2 7 - 5. 4^^1. SkbCDT. Uh 

[0 0 9 3] T. U h^UX#U;<v— if<?)'7'i77.6i:ifii 
m;^^e>(^Si^*^. 5fetCfiSeLfcci:5{C. V.2 7-5. 4 

(1. 3 kba)Eco RI»fM-^:3-K-r^) S0^V2 7- 
5. 7 (pBluescript t|itc45ViTl. 7kbcOEco RI»f)t 

>ttS;S^-ti:;to V2 7-5. 4 0^ffiM(CC»l.^Tii« 

bfc^ifr^i. ^mmiSLZsmmLrzmm^<Dm:^\z^^f^ 

P-fi/» \t. V2 7-5. 4i7P->(ct$^t^, ^ffl 

$n^Sc^mo#= (ORF) \zi6\'}^h(Dtmmx$> 

[0 0 9 4] cn^bCTDi^^TS^e. V27-5. 4\t. 

[0095] V27-5. 401. 3kb0Eco RI»rM- 
frt. Fig. 6 C7)X i7 l/zt^^- h* 1 1 2 7 4 ^^iio #A 

^ - K T ^ ^5 t'^t^^;^^ OT* o ;t o 
[0 0 9 6] C. T. U h^UXCD2#B(D^-r:/^U 

5>fil/^»r)t^^^-r^@WT% T. Uh^UXDNAc^ 

mmmit^. i7p->v2 7-5. 4[^{c^sti^7j^'j 
y ^— trite^cDT ^ y m^¥^^^m i^^xmmLfzo 
mmmim. m^o^um^si^x. 39/xi <Dmmmm/^ 

yyy- (REB. $Jpg»^/K^y :? r-= 5 OmMC7)N a 
CI. lOmMOhUX. PH7. 5. 20iDM<DMgCl 
2, 1 OmMOBME) ^\Z^^tl^ 1 , 2fig(DT. U 
h^UXDNA*^trvX37-«g^ifeS:<SgfflLT. ^<D 



ummzuTiztm-r^i. 5-2 o ouoe^^^so 

LXffr^fz: I. 5U Avrll . 9U EaeK lOU 
NheK 2 0U NotK 9U SpeK 2 0U XhoK 3 0 
U XbaK 2 0USacK lOU BamHI . 2 0U Cla 
K 20U Hindlll . 2 O.U PstK 12U NaeK 
lOU Seal. 12U XmnK 2 0U EcoRV , 2 0U 
Sal. 2 0U EcoRI . 2 0 0U EagK 2 0U Dr 
al. 5U HapK 8U NruK 4 USnaBI , 8U Slu 
K lOU BclK 8U Bglll . lOU RsaK 10 
U HaellK 8U AluK 4U Hindi. lOU Pvul 

1 . 6U Sspio 

[0 0 9 7] 1 Ml <^1 Omg/ml BSAS:HinclI?^{b^ 
iC^iJDLfCo ;\*:y:7T-4^lCOinM0NaC 1 ^^SffiT^ 

:it^m^x\t^(Dto ^\z^di\mim^mmLrz. 5 
cots{b^*3 7T:T-ife-f >+a.-^"hUfco mim^ 

Tiiu-Xf)V±xmn.^mL. ^\Z. NCtce^^^li: 
tz (Southern, J. Mol. Biol. (1975) 98: 503-517 
) o C(Dy>c)V^-^m^m^^)li.rzV2 7 -5. 
4(DDNAXmmV. MtC. /\^f^Jy\^m^^^-h 
^v:t^^:7^-tCct0^aibfco BamHI (*5l4k 
b) . EcoRI (*<J1. 3kb) . Hindi! 1 (*<J2. 4. 
5. 4kb) . Xbal (*?j8kb) , Clal (*^4. 4. 5. 5 
kb) . Ball (*58. 5kb) . Hindi (*52. 1, *52. 
4kb) . Nurl (*<J 5 . 5kb) . Bglll (*tl 2 . 9kb) . 
Haelll mi. 3. *51. 4kb) . RU. #IScO/h$Vi 
/^>\^^±\::^Ks^i^^.<^^(Dmitmzi6^^x\t. V 

2 7-5. 4CDDNAti. 2 Okb^y):k^^^mh'\zML 
[0 0 9 8] ^^;^^>}^Uy^-iraeT<&*5^P-HT 

^x\z&-:st. 2. 4-3kbx$)^tm^^n^mim 

«BafflHl . Xbal I . RZS. NruITa&o;to 
[0 0 9 9] BamHI ^-fy^'J- 
^A^-Dashll^is^fflUTBamHl y A ^-f T/*^ U — 
^i^mi^fZo ^^y-DashlUl. 1 0 - 2 OkbtDBamHI 

DNAmh-^i^u-yitr^o^izmmr^ ztf)^x^^ 

BamHI g^^i7^-T*^o 5fetCi2® bfcct 5 tC. BamH 

I xmitLrz2 5-7 si-y ^yj^<DT. uh^^uxy 

yADNA^. BamHI xmitL. O i^<Dm<Dy ^ :xy y 
^—-^X^mLfzO. 5 Mg <^^A^-DashlI<DDNA 
iZMLX. 0. 5 Ml C0T4DNAU;tf-if (n:x— f 
>^^>H /U^'^yf^X^. No. 202 ) ^^tS^mm 

fsimw^yyy-^xf^'^^'^rz. sui (DmmKJt^m 
^9c\zumLrzj:o\zmALtz {^anvc^ y^x. 

Xhyy^i^'->^) o ^A^-DashIl^<y^U-*^ 
^(D8, 0 0 0^^-i^<D'/^-i7^)y h^y^MtL 
tzfJi^XmrnL^ ^P->V2 7 - 5. 475^^1. 3kb 
<D Eco RI m)^^1^mvtz (Manitais. et al.. ± 
m) o 2. S%(Dyr-z^\t. 1. 3kb(DEco RICODN 
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y^-i7^Sbit (i7n-> ^Ay-NEB619R 
CX7A5^-V5 6-9) . (i^:^CD7 7-vt*). 1. 3 
kb® Eco RI »r>tlCjt*bTA'r:/'J KJ^fiKT-S 1 2 - 
1 SkbOBamHI mh-^-^^, *<j8.kb®XbaI&a:*t) 
5. 5kbONrul»r>T-$r-aA.Tt^yb„ COBamHI JfA^fM" 
^pBR322[^{I-!ty^D->'fbL^c, C:O»f>i-<&^0zi □ 

DNA/}^ 'J ^ 7-- f^«4LTti75:*^-3fc. 
[0 10 0] Xbal^-f — 
XhAll^mitLtzT . U h.^'JXCDDNA^:. pUC19 ©Xb 

JlLfzY 2 7 -5.. 4 OyDNAX-mmi^fc, m\t<D^a 

[0 10 1] ^A^'-NEBe 1 9rt(DBaiiiHI 
*^?>C9XbaI»fM- ($feOBaiDHI y^y^U—) S:. pUC 1 
9(DXham^ff^^^:/i'a->itVrz. BamHI X'mitl- 
fzlt^O. 3 /ig ONEB 6 1 9®DNA?r, 2 0 /x 1 O 
S*a^A*-:/7 7-|*J('*3liT2 w! (DT4DNAUiJ 
-- C^i—f >i/^>K No.202) 
^-^fflLTBaiuHl TrtN'fbbfeO. 1 Mg ®pUC 1 9DN 
AlCiS^Lfc. 1 e'CT-^ft-O+i'^- 

hLito C a C 1 2 J M 1 0 1 Sy^XL 

(C, 3 7"CT-Bfe-r >+i^- hL.;t (Maniatis, et a 
1.. ±Mi) o aa- — Uyht:. V27-5. 4©DN 
A*^5©, iWSIUT4S:*ttl7'^;i'Lfe 1 . 3kb©EcoRI 

RR I ^, 1 0 wi (Dfi^-^mmKit^m^'^-cm'm^m-^ 

it. MtC. 3 OrT-lft-f >^^aL^-NL;t. g^/ha p 

ffi. Maniatis. et al.. ±W) „ Z:tl<bOyi7 a — >(D:k 
aB53'^i*>J8kb«XbaI»f)t*^^T^iito z:©^i$»j|g^ 
Ol^StS, BamHI ^7 n— >©iiJit*^5.Lti;/5:i?). -^fiO 
($'^< OiitJi-r-SXbalap-^S^eT. Uh^UX;}^'; 

->3>®^:^. iMflg^;tfpOpUC19 7^7X5 HWa tr- 
*i<t 0^ni:<fi-5<, ;in^cDig*f;J:0. T. Uh^U 

0, XbaIi7n->«, ^^;5:3l^'J ^— fefite^^r^O 
ttTTS-SCltdtSi^n^c. Fig. 2 ?£#gg-arJ;o 

[0 10 21 Nrul5-f :/^'J — 
NruITej»fbfc*«jO. 3 /ig ©NEB 6 1 9©DNA 

(SfeOB amH I ^-f y^'J— ) Sr, Xbal c 7-f U 
— lCOliTia®bfcCDiS^flClli;j:5tC. HincIIT^ 



mLfzO. 1 ue ®pUC19 ODNAIra^L^t. fiJ/. 

mm'^3 7x:x^>^:x^-hi^rzm-^. /N-fru-yh* 

3 orT'-f >+i'>C- h L/ciS^IItd:^< (Do nn 
::ti?,coSl!/jNZiD--cD;'c^3&:«. 
5. 5kb®NruIjf A»fM-$:^^T^i/c, 5tlClB«U^c7}^ 
U;*^-- trSttT-y-t-f S:<SgfflLT«. ;in^©nn- 

U^^— fe'Ofe^cO:^!^*^, PUC19 I^WLacZtl^DT* 

-r. mmiz^^^x'$>^^tf}i^^-^nfz, 

[0 10 3] bji^L^Cd^e.. i^D — >Nru21 ®J;olC. 
T. 'J h^UXJl^'j;*^— <fofe5?;®:^[p]*tpuci9 rt© 
LacZ®S?*-C»'5np-— tt. J:D^^lr$)S. ^lOd 
T. U h^'J7./PU^7— ifcog^ttz'ciSSlCt 

-Dxmmx&^:it^mLxi5K). wiz. 
laigt-sctTjsT^^. mmmm^mit. Nrui^p-> 

bTli;t:o Fig. 2 ?:#Bg-a-J:o 
[0104] 

;j^'J>C7— fe-Oia^^p-->yt;BB-r^i^igr 
T. U h^'JXtt*1)9 0 - 9 SkDalT^D. 
?^=l-h*-rSlC«*U2. 4-3. OkbODNA^i:^S 

^5:3- ML, 5felCi^»titBaiiiHI , XbaK RV^. Nrul 

i7p->rt{c^^sn-5 1. 3kbwEcoRi m^<Dpmm 
m^m\z^io. 3mm±x<Di;a->\i^±ut-t) 

^\,^'^a->\t±mmf*^xit^^^x'&r>rz, v^-^x. 

(DRio<o(D:f3}k^mvrz<. 

[0 10 5] D. T. U hy U U ^ ^— tfite^CD 

jieT*^p->{tL;to ^E-wT. 'jh^'jxyyAco 

Xinu ^y-ifmGl'(Dho-^(D^^»^ifn--y 

i/-r^<Dizm^x$>^mh-^M^-r^*^^»imLrz. % 

©x-^-tt, T. ^Vy^)7.it^m^y—M(r>^W,t-k 
x^" >^S«c(^fcL<«^®i1.fl!lWDNAE^J^ni# 
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ite^ ^ =j - K-r -5 ^ i A<-c# ^«®<Dii-'f 7:®»f M- 
< "J 7 — fae^ ^ ±Ti^fc-r c i ^ -5 T s 

y*^<Dl. 3kb<^>EcoR! »f)t (Fig. 2 S:#p.-li-<i;) O 
3' SlCifi^g-r-Sl-J 1 . 6kb©EcoRI SfM-^^^^Ef-S C 

[0 10 6] T. U h7'JXDNA:»}^'jy7— tfa^T 
— >Nru21 (;i©Nru21 i^D — >«, -?-0D3}^ U ^ 5— if 

ae^ wdj^.^A^ ibm s o o bp±»ftTM*&-r 5 . 5 

kbOjf A»rit5:-BtJ) *vf,CD*?]3. 2kbONdeI/ClaI »f 
)t€-pSP73 (yD^;tfa) ^■9-:/i7D-Wt;LT^^D 
->NC 1 1 *f^figL/i„ CaC 1 2 ^/iSltRR I iffllS 

yt. ^Ke^#:©5:iy^7.5 KUKI^^rNdelRCXClal 
■T:©tS'ft!CJ:f5^i'WL'. T. Uh^'JXCDS. 2kbONd 
el/Clal »fM-5r-&ty^'n->NC 1 1 ?rllSLfc, 
i7D — >tti:J®MF«3T^^T*ofc. dCONC 1 lifA 
B'f>T-<7)E?ijgi^5rfTofc (Sanger, et al., PNAS. (19 
77) 74: 5463-5467) . Clal^tt, V2 7-5. 4© 
B33?iJ (T. 'J h^-UXd^iJ^^— ifOT5yi^$:=3-H 
-r-5 1. 3kb<7)EcoRI »fM-) t[^-T*ofe. 1 . 
SkbcDEcoRI ig^,^RZ/^nj;05t®iB?iJSrl. SkbO 

EcoRi mYx<Dmm\z^M-t^f^-c^-^mm\^x^'& 

[0 10 7] EcoRI y5'J-g)X^U--> 

1 0 /zg ©NC 1 1 1 0 0 Ml ©EcoRI /N'v^T- 
rtlCiJl.iTS OUOEcoRI 3 Z-CT 2B#FB^tS{tL- 
fz> *tJl. 6kb©EcoRI ^rM"^. «^acl!if^. DE-8 

l^-n- (3}K7-vhV>a) ±T»MLfc. *«J1. 6 
kbOEcoRI m^^iSLmm.y^)VL. ^«]©EcoRl 

-g\\\y^-:fy^)-^>mm-t^(o\zm^^tzo mVkWf 
jfeojc^fcfrofco z-zxn^mn^n 

MIC. y^-i'ffiSLfco ^TWfeWtt. *«]1. 
6kb®EcoRI »fM-<&^^T^ifc*i. ^o*^©feO«. 

[0 10 8] EcoRI 7-1':7^U-*>. ^A^— ZapII 4^ 
\ZWm^tz, 2ug(DT. U h^UXDNASr. 20U 
©EcoRI T. 2 0m1 ©EcoRI yt-y 7 r — ^^JCij^iT 3 

7 "CT 5 mmmit V . ^©^, 6 5 'CTi 5 ^mm^m. 

VtZo mi 5i-yi/yA<DT. U h 7 U XDN A/EcoR 



I S:,' EcoRI T«)»ftT7*7.7 7^— fe'ffiSL^cO. 
5ug ©^Ay-ZapII DNA (Xh7-v^>'-» Ir 
^*LT. 0. 5 Ml ©T4 DNA'J**— fe* (^ij.—- f 
>^^5'>H yW^t^^Xtt. No. 202 ) ^fflt^T5/x 

tzo 4 M l ©»^$-y-;^cDNA^t*ALfc (^:y/t-;/i7 

U7 h«5fe©J;-5{cfTo7t, *<J1. 5 0 0©:7t-v 
5-. ttW^g5<JULfc*>Jl. 6kb©EcoRI »r>T-T5fe©J; 

o\zmmvrzo 5-p©A-f yj 

3o©y^-i'Sr)^SILfc, 20©:77 — 
(NEB 6 2 OSt/V 10 9-2) SjiTCWiJi?^ 
» (X h5-:/^-:?->a) fcSf5-l'>t':HT©«^lCi 
0 , pBluescript m.^^i$-t LT (V 1 1 7 - 1 St)^ 1 
17-2) i:6^LTi5tifc, [ig^ifclUl. 6kb©EcoR 
I »fM-Rt;S^^^2»r>^-<&^^T^ifc. 5' ^^£Be^J 
St^Lfct:!^, NC 1 li^i^m^^tlfzSim (Clal/N 
del WM-) (--ScLfc:, Fig. 2 $:#Bg-a-J;. C©EcoRI 
*f>T-«. Wang, et al.. ±j£. ICi;0t2«$nTl.i^ J: 
37^. T4©DNA7}^'jy 7— t:!^©ffil^t4P©3/6 
^-^tr. 1. 6kb©EcoRI BrM-ti, Fig. 6 ©p? d7 ^;t5=■ 
h•1269^''^.2856 

[0 10 9] 1. 6kb©EcoRl ROTClal/Ndel »r>T-©E 
JiJtt, 1. 9kb©EcoRI »fM-tt5J?'J;<^— ifaeTF*^ 
^{I-g-tJ©tri£^STS-5C,i:75^T^-5::<>:Sr^Lfc. N 
EB 6 2 OtCt?liT5tHISmbAcJ;-5iC, ^^MtLfz 
Zfn — zr^m^^X, 1. 9kb©EcoRl »fM-^-atJ^A:S^ 
— ZapII yT — i>. V 1 1 0 - Xipi^V 110-7 
^Lfz. 20©-7r — (VI 1 0-2Sy^Vl 10- 
4) tt, SligTc (.Xhy-y^i^-» ©tffiHj»t't«6p-f 
>h'/J?T©^K;(CJ:»3. pBluescript »ilAf*:i:LT 

(V 1 5 3-2RD^l 5 3-4) ±*>LTi5life. ii^^ 
thmi. 9kb©EcoRl S^fM-SlXS^i:-5^2»rM-^^^ 
Tl^yj:, C:©1. 9kb©EcoRI »rM-«, NCI 1 ^-Wfi 
SMJSEi:©j3^Jffll^tt$rWLfc<, ::©1. 9kb©EcoRI 
irM-ti, Fig. 6©^i7U:i-^H2 8 5 1*^^4 7 7 1 i£ 

[0 110] T. u h7ux©^^fj:;i?u^^— tfae 

T^. ^SST*0*^Ogtt|»3^*i.giai$;nfd:35^o^cBa 
mHI , XbaK RtX, NruI»rM-<i: LTi' □->{btfc:. d 
©aeTS:, ^tiO. 4 0©»f>T-F*9 (1. 3kb©EcoRI 
KM-. IIJI. 6kb0EcoRI WrM-, ^1. 9kb©EcoRI m 
Rt;^. K>S-&tJEcoRl/BainHI ^rM") ICi^n 

->'fkUfc. 1. 3kb©EcoRl »f>t«, ^^iz^^^J:^y 

— tf©75 /*s®se«sr%iK-rs. 

[0111] 3 

AiJ'5^'J:t77 — vNEB 6 1 9 ( ATCC6I9) ©,14 
kb©BamHI ^Eir>T-±fC.l,lri;f^Fn-5T. Uh^'JX/l? 
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U^^— t?ae^^£, Sanger, et a!., PNAS (1977) 7 
4: 5463 -5467. OD^^SSrfi&fflbTiB^iJ^^L'Ac. 1. 
3 kbWEcoRl m>i<D 5 ' ^i^tbX 5 8 3 7 bp^mm 
WjaONAE^iJ (SEQ IDN0:1 ) Srft^Lfc ({SgNT 
Do Fig. 6Sr#M-a-J;o 
[0 112] ClCODNAE^lJcDii-tff*''^. #U;*5— bf 
a^Tfil. SkbOEcoRI »fM-rt<DNT2 9 lHi3l.iT 
P^$&-r^Ci:Aift^$nfc. NT 5 3-9 7 (CteS-SfaiR 

■li-*HtCDiJ-^M«iK)9 0-9 SkDalTSofcfee*. CICD 

iieT75i~2 9 0 obvX'$)^\t-rx'$>^:itf)^i^m-^ti 

It. -erafiteO. 1 7 0 2®T2y@E (a a) feL<H 
~ 1 8 SkDalOn— T^-f >y#»SrWt"-5 5 10 6bpO 
m^n^W (ORF) ^^I^^Lfco 

[0 113] te©DNA#'J^^— iftcDiB?>Jffil^f4iC 
J:0 (;i©fi«|(iFig. 7JX^bfc) . T. "J h^'JXWJj? 

«i I I i^®<>HD>t)b<«^ftE?ij {:^mmm^ 
tci3i,iT«. rivs'ij tf^) \z^y)f¥m-^ri 

X\/^^:Liitim^^tlti. (Wang. T. . et al.. FASEB 
Journal (1989) 3:14 -21, 

tc^sv^T. 5lffl3^:i5iUTllOi^.^T^.^) » ^jIdn 

A#U/7— fefffll^®i®I I I ©«#$tlTl.ii)7 5y 
^i&Fig. 7 {r*3ViTS^bTti-5. CWFig. tC*5ViT, « 
#^nTt^S75yS?tcT*S€rlffibTag.^„ Fig. 7 Ic^fe 
liT.i,6tl^J;5(C. T. U h^UXOfflHttP I I I 
(SEQ ID NO: 2 ) CDSfiiJtt. NT 1 7 3 7 (C*5tiTi!&$ 
0. 75^ -t?. ^<D*3iE^J(C^-r^4e[^ttli. Asn &o:Se 

r m&m^m^r^o t. u h^uxroffiiisf i i i 

(SEQ ID NO: 3) NT 3 3 8 4. Asn RZ/Se 

r aSfCi5UTjl*?T-5^i*iT#-5. ;10 2^0T. 

**cDE3nj (5? i7 ix;^-^ K 2 8 8 - 2 

ClaiaCii (*tJ5 2 8ii«*t) tr^tbTtf Kf^figLfcNd 

[0118] 2. NCI 1 (311^0112. /1-KD) ©CI 
z\'BLTS?\yi\^^(Dm(DmS. 9 9bpE^J. 

[0 119] 3. Fig. 1 2 (C^bT^i-SJcpfc:. :^^^EE 
fiJSrISjgL LTftfiO»f>i-{:B&3j5-r-5PvuI iBsuSeigBiS^: 

[0 12 0] Fig. 1 2l'i5l.iT«. ft^JJC^-f >«. X 
T'^'fX^^^iroS ' ^{C:felt-5**OE?iJ€:*L (p< 
U^t^^ h* 1 7 2 1 - 1 7 8 4 . SEQ ID NO: 1 ) . 2 # 
BO^iJti. xy^-rXi^^igiKDS ' ^©:*:3l50E?fl^^ 
L (3? i7 IxPt^ H 3 3 7 5 - 3 4 1 5 . SEQ ID NO: 1 

H«E^JSr^LTV»-5. 
[0 12 1] 4. A*i7 5^U:t7T--/NEB 6 1 9 (SI 
SfiC^2. A-hC) t'B&3l5-r-2>. *52 5 0 Oaa^ScD. 
Bsu36I*»eBai!iHI ST0lff>i-, 



U l>7UX/j^U^^-if©7 5y®EE?ij€:. Fig. 7 lr43 
J; ^ icAsan&y^Ser JiSdiaffi-T-i) J; ^ irEMf ^ 
CODNA#'J^7— tfffll^ffli® I I IlC^tLT 

[0 114] SEoT. 4ai^ttOx-^-^^fflLT. * 
^^ftE^iJd^T. U h7'JX<DDNArtl;#ftLT*5 

0. ^coDNAjJ^U ;>t^— fefcDffil^ffiJK I I I 

[0 1 15] fe^ff * Hri*ii^«i'i3i.iTfi. r^hSEE 
^ ;i t (ret 0 BiJI^ bfc. ^^<D-m^^) zSyi^v^^ H 

Sr-a-BKb. :iCD2-PCDM(E»f)tC9FBl®F«1®^<gjgL-r^ 

[0 1 1 6] ^wm\z\t. if^mm^m^i^tzT . u h 

^S' - ^^f^Sif O ICffl ^ D N A 8(f>t L- < «E?IJ 

1. 7}?U tfc7)3-xw >i7'«S«c(7)Bgte:3 H>*^Ncl 
eIgPfi:rt»r-&in-5J;-5lr. 5 H V 2 7 - 5 . 4 

(Kunkel. et al.. Methods in Enz 
ymology (1987) 154: 367: 382) diO. Ndeli^f^fig 

[0 117] 

9 3) • • • TTT ATG • • • 

. . . CAT ATG - • • 

[0 12 2] 5. pETIlc (Studier . Methods in Enzym 

onogy . (1990) 185:66 -89) (Cfi5l5-r ^. ^i;^ — 

(o^^^u-rme 2 0 om.^Mmimi *-'e)Ndei c ^x 
®»fn-T$)0, &.T corn's ^^tS : 

a) jie^ 1 0<DgeS<rt3l/iT«)T7phi 1 O0:/D 

b) T>tf->u>wi±ae^ 

c) laciq 

d) y^XS 

e) 4lsI«|0jgLTl.i^U#y-Ate¥^-5^-^- 
(rrnb) . Simons, et al. Gnen (1987) 53:85- 

96. 

[0 12 3] ^feODNAffM-, 1 - 5S:, T4WDNA 

>jii—e^mmr^mmu^t¥Tx, m^izt^-^i^rc. 
jEL^^mm^mm^iinz^om^i.. pPR969i^«L 

Tz, Fig. 8S:#M-a-J:. pPR969i&fiEffi LT. :kmm^R 
R I ^J^He^^-fr, N E B 6 8 7 t^^H^tl^^^ff 
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SLfc. NEB 6 8 7<DK1sfti, 1 9 9 0^12^7 0 

^Kb, Sft#^ATCC No. 68487 tti-oX\'^^, 
[0 1 2 4] ft6<D«^$L^»IISSIi«{:*ii^T«. :^^«E 

T7K>Af^U;>^7— If^S'^i'^'— pETllc (Studier , 

(1990) . ±j£) o^^^^crt'vi/p-wkbfco 

^AT'^XS K 1 7 4 - 1 B 1 ^mmL.XXm^^B'L 
2 1 (DE3) pLy s S^Jg«ejfeL. »1 7 5- 1 
B 1 Srf^figb. NEB 6 7 1 t^^L/i, Fig. S&O^l 

0 $r#fig-y-J:, 

[0125] NEB67.1 (DW^^. 1990^10^ 

1 7 Btr, 7^'j*> ^'-f :/ aui7-> 

3>{C«ttL, SftS^ATCC No. 68447 tU-^X 
[0 12 6] -?-©#U^5— |f©^«,$ti;'c:i)-^»<h. 

I I (C*3liT I VS 1 <£:^*Lfc^CD:i}?U^^— tf©^ 
ffl$n^^^a«l 3 2KbTSS»{r5^L. (H 

1 ^#Bg#<t) t>b<ttfflmA (*ig«aj4^#M-e- 

J;) 5}?U;<7-ifc^ti-rn©t)(0cD«^$tlfc:^i-T«« 
^ > h □ > (*Bj)afl»4', «^ r I V s 2 J ti- ^) \z 

pel T;i/7T-?B{c:43^iTttl 5- 1 3 5T5/®E'si 
^ft-rS (Wang. (1989) . JcW) . T. U h^UXt- 
fct^Tti, 4 0 7©7^/^t>U<tt~4 4-kD*J#ft 

nxti-Sffll^MJ^ I till iL<Dfi\(D3 6 0T5ygE€r 

^L^Ttt, tHWpol 7)iyr-\zwn\zmU\^x\/^ 

[0 12 7]M{r. SDS-PAGE(;:J;f3St^b7tt 

*54 2-4 7kD«^^^ttX>h*pCi7U-7— fe* 
fc> ^ttO*^BJ(Z)T. U h^UXDNA/J^U fef 
i/n->(cJ;OS±^nTV^^ (*ig«»J 1 0 ^&#BB-y- 
J:) , ;iK)x>H5?^'U-7— tf^, mmmti'iz^y^Wk 

«I0©3 OOTSygftt, #'J;)t^— tfi7P— > (SEQ 
IDNO:l ) ©^i7U:t5^K3 5 3 4T^I&*oTa-H^ 

J}^U ^ 7— lf<i:(DffiRtti£^/i;^l.ij}? 'J ^ ^— if ®-ai5 

d © X > H i7 U 7 -- e d^^t ij ;* 7 -• if ® il-'^^T. 7 < 
X 1^? nr < ^IE{g>5:ti^«*39nf S. tc hf)^Tb^t> ^ r . 



[0 12 8] Ilig««l4 
aa^LT. 'J h7UXDNA3i^'J^7— i;g)^ig 
;*:]SSNEB6 7 1 (ATCC No. 68447) 1 0 0 
U y b )U(D9^m?§fHX\ 1 0 g/ U -y h JKD h 'J ^ h > , 
5g/U >y hJl'CO'l'-X Katti!)^. 5g/'J -y h Ji/CON a C 
1 , Ry:, 1 0 Omg/ U >7 h>/KD7>eU ->>*^tJ^ 

»ilC*3liT0. 3mMO I PTGT^^L, MH^4B#Pb1 

7 o-ctr^^bfc. 

[0 1 2 9] 5 8 Oi^^AOiSBISSr^JtL, A-;/7r- 
A ( 1 0 OmMCDN a C 1 . pH 7 . 0CD25inMOKPO 
4. 0. ^ImMOEDTA. 0. 0 5 %<7)Tri ton X- 1 0 
0. si;. I Q%(Dif.^)-^U—)V) ftlSSbT. 
»<&2 4 0 OniltL;^.. Z.(Dmi^^. rf- U ><7)3f:^ 

■ mil!; SS'iL^tc J: 0 ft g{k ^ -tt fc. «g{k ^? -a-^c: 
^«Sli<D^m.^. ■^^(DnvyT—X2 2 0 QmWZ^t) 
ti". StC. 7 S-CTS Oi)-rBlJPSiLfc, 1Sitlt#»«$:i§'il^ 
tc:J;Of^*L, ja#UTVi-5ii«ti, *53 1 2 OmgCOnJ 

[0 13 0] :i(Z)±ff$:. 7;i-X7*-irJI/D-7.*^A 
(5 X 1 Icm : 2 1 6inl®3tjt^!^#») Jcigi^LTafe^ 
DEAE--lr77n— X*5A (5 X 1 Scm; 2 5 Sml 
<D5^^«^§a) ICttLfCo ;^«©»^$r^t;DEAE- 
■ir 7 r p— xcDii 0 WLn^m^tm.'^ \zyif7.y^ -tr jup 
— 7.t}yh'^1»-oX\i'^-otz,mi3<r)fsyh.^, 3 0 Oml 

b. Mtr. 7*7:t-tr;i/P— T-^^AicosaM?:. n 

7 — At^'^C}gfig^nT^i-5 0. lM*^e.lM(DNa 
C 1 (7)2 U hJUOiti^jgS^iBJgT^aibfCo 
[0 13 1] ;iO*^A^)-H^DNA3l^'J tett 
l3-pViT7-y-ir-1' Lfc. ffi^glzMi'-c^ 1-4^1 © 
^i-iij^. 3 0 ©^dNTP, St;. Sh-^'^^JUL- 
;tTTP, 0. 2mg/ml CDSttfbb/i'i^-^fl^JlDNA, 
St;, 1 0 0 Mg/mlOT-ir^^HkbfcB S A (7-t5^;i/ 
^k^f nTVi;f5:l/iB S A*WS bVi d t^ta ^.tlTt^-S 

*i) Sr■g^^^. 5 0mi«ix t. uh^uxdna* 

U^7— irV\*->'7T— (1 OmMOKC 1 , 2 0niMCDhU 
X-HC 1 (2 4'CIC*3liTpH8. 8). 1 OmMW 
(NH4 ) 2 SO4 . 2niMOMg S04. St;, 0. 1 
%OTritonX - 1 0 0) 5'CT5- 1 0^m^> 

^^.■^—hLTz. ClOS-^i^^Sr^^-y hv>©3iiiin7'< 

^p^-ic^b. Jit::, ■f-07^';P:S'-^, io%«)TC 
ATCD 3 dJOifci*, mz\t. ^m.tz'I'JZfuJ^J—JV 
X(D2m(D^mz^\^tz. y^)l-^-<D^m^. DNA 
ff^^O 3 H - T T P C05l Oii*-S:«-riS^ LfcftWett 
$:iffl^Lfc, Stt^Mi^-StfeHb. MfC, dNTP 
U^JV^2 0 0 uU 0#dNTPiC§l#±tf/tc:i€:^ 
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mmis\t^^ 7 5*c3 o^^■^'*5^iT, wt^m^<^np^^ 

1 0 n^:JKDdNTPS:ltDiA,tyS5iloatLTS«L 

[0 13 2] 6 6iBg©Me«^^tf. SOOml^a*^?) 
;^<t-5?§t4iJ-iij^&. /n' -777-6 (4 0 OmMcDN a C 1 . 
pH7. OTCD 1 0niM(DKPO4 , 0. ImMWEDT 
A, 0. 0 5%©Triton X- 1 0 0. RD^, 10%<Dif 

(2. SXScm: 2 5ml<D3£:jt^^:^») 'x^tLfc, 
SaK^r. A*-y7T-B4'lc:}^fiK^n-5 1 OinM*^e>5 0 
0niMWKPO4 ©2 5 0 iDl®iS^ag43EJKT^J±lL 

tmzL, A'>>7t-C (2 0 0mM®NaCK pH 
7. 5T0 1 OmMOhUX-HC 1 . 0. ImMOEDT 
A, 0. 0 5%(Z)Triton X- 1 0 0, Sy^. 10%©^ 

[0 13 3] ^OStffi|jSr'\/'?U>--tr>'rP-X*5 
A (1. 4X4cni; 6ml(D^Wi^^M) izmL. 2 Oml 
CDA' .y 7 7-CTi5tltLfc, n-yy 7 — C^izm&c.-^tl 
-5 2 0 0iiiM;!)^e)7 0 OmMCONaC 1 <D 1 0 Omiroit^ift 
«^EM^-?-«:^7A{;:ttLfco 1 6mgMaK^-&{c4 
0ml;5^^;^j:^gff^>iii$:-Si:J6(CL. 7T-C1C 

[0 1 3 4] Z<Dm^m^Ty'<ir)U y)V—^U-7h 
^'7y-(—tlyl. {I. 4X4cni; SmlCD^J^^^M) 
(Z«L. 2 0iiilK)A'-;/7r-CTi5ti^L. Ml::. MSK 
?r. 7 7-Cit3f3jgfig$nS 0. 2M*i?)2M®N 
aC 1 C0 9 SmKZJB^jgg^EJfi^T^mLfco llmgcD 

MSR^^tj. 3 0m\mmt^'hfs.^m'&i^m^. 200 

inM©KCl. 1 OmMCO H UX-HC 1 (pH7. 4) « 
ImMWDTT. 0. ImMOEDTA, 0. l%roTriton 
X- 1 0 0, 1 0 0 Mg/mlOB S A. St/. 50%®y 

CO 1 3 5] 9c\ZW.%-itltzT. U h^UXDNA^J^U 
t'fi. 20, 000-40, 0 0 0 ¥{4/nig©!|t 

[0 13 6] 

)ffii@Asy:^^©T. u ^7'JXi}^u/5— 5- 

1 0%COSDS-PAGE<7)^g^Ey;|/lc:i5HTm^ 

X;J?'J^<7— tf<J:l^ei0 3' ^5' x4^y:5?i7U7— if 
SttSr*LT*30. ;itaH, dNTPlCi-SESl'Ols 

[0137] nmm 5 



m^\t. ^mmz\zio\>^xwL^^ntzv 1 7 4 - 1 b 1 

(D^otl. I VS 1 $rBiJK^LT$.-5T. 'J h^UXDN 
Ai}^'J;*7— tfiie^^, ^>!fC9:^fe/feL<(J-^n$r 

^ U X D N A 3}? 'J / 7 -• fe*©*i« CD^S ^ C i 75iT- 

[0 13 8] T. Uh^UXD 

^©^'jpc^— tfae^^, T7^M'<i7 

5'— (Rosenberg , et al.. Gene (1987) 56:125 -13 

5 ) <D^omm\z^ij\zmm^nT^^^-:fu=i:—*^— 

yPt-i'-Ojf AJi, T. U h^iJXWDNATi^U;* 
T^^t. *Stv«. gl5fi:#SW0g^^S^f8 (Kunke 

K (1984) . ±kE) ^m^^^mmumcD^m.. Rzf. 
^fir£-:fa^-^-(D^^RzsmmmmTiziin^hii 

^ 7 — if aeT *e#-r ^ c i tc J; 0 ff p c t Ti^T ^ 

-5, 

[0 13 9] T. 'J h7'JXDNA7)^»J;<^— irtt. 
T. U h^UXDNA^U;?^^— tfaeTWiSiftC-aB 
-r ^^:^;^t 'J 3}^ V-A!^^gl5tt^ffJffi-r ^ ^ t J; D ii 

Shine and Dalgarno, Proc. Natl. Acad. Sci. USA 
(1974) 71: 1342 -1346, dtltt, *BJ«BS4^t3§lffl 

[0 14 0] T. U h^'JXDNA#'J^7— tfite^ 

^mm^ t) L < J: o^(Dm&^<D d n ae^j 

i&n H >^^tJ J: 3 lit- S c t^^tf. 

[0 14 1] i^^, T. U h7'JXDNA#'J>(7— tf 
«. -f-X h&Z/A-^iPA-<5'XOipi^*iK&i^?S 

[0 14 2] T. U h^'JXDNA^U;^^— tf«- 
T. U h^UXDNATpU;*^— ifaCT^mWr-Si^ 

mizj^ommLXT. u h^'jxfflTtfu;*^— ifstts 

[0 14 3] T. 'J h7'JXDNA#'J/^-1zfS1±«r 

< fi-f ^>3SMi7 p^ h ifyy^-(oj: o ummmuM 
mmmsimiz^ommr^. 
[0 14 4] nmme 
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aspl41RaJglul43!rt>VJT03 K >Sr77 — XrotiT 

bX, 3 ' 5 ' :i?[6]'v(DX4^V^i7^7— tfftttSr 
mrz:f3.^^T. 'J h7U7.DNA3}^'J><7-^^*f^SL 
/b. 8Bi4#SWII^^S^^*fiefflbT. phi29 (Cell 
(1989) 59: 219-228 ) ©DNA/}?U;*^—t* I (Sc 
ience (1988) 240: 199 -201 RZf, T7CDDN 
A#U^7— tf?S (*a#rFS^No. 4,942,130 ) 

[0 14 5] *ll?g©#'J^7— tfCgPft^SWUM^ 
KunkeK. T.A. . PNAS (1985) 82: 488-492 
(C©WS^tt,.*Bjiffl#43{c*5V^T§lffl5tfit<i:UT^O 

fflLTfrofco V2 7-5. 4 7^7^:^=^ (^M«»I2 0 
/■?-hB&#S9-B:=t) g|5fi^S6«J??^^S«:^f^S! 
■r-5C0(CfflViit. V2 7-5. 4«. pBIuescript SK+ 
*lcSffit"-5 1. 3kb<7)EcoRI »f>i-€:=l— Kf -5. x:t 

1 4 3T'*-5 : 



V2 7-5. 4 7^7:^5 K^&^t;»T-&-5;»c»S«^C J 
2 3 6 (KunkeK et al. . Methods in Enzymolog^' (19 
87) 154:367-382 ) ^. f 1 ©'\;Wt-7 t-v? I R 
1 (Virology, (1982) 122:222-226 ) Tmm^^it 

[0 14 6] 'ffiggica^^i, ^^^mm^m^^i^ 
(J. EKTizf^-rysm^mmLTi^mLrz, mmz. 35 

$:T4DNA4?'J^^— tr^ffifflLTffSlLrc:, i^St 
UT^§e>n■5 2ae.-B-^(DDNASr. T4DNAU:tf— 

•fefTosaatCcto, Ki;;fta*e«d s DNAfc^^L 

•D^m^ly. PAIG2 i#=Sb/S:, 
[0147] 



••asp 

• • GAT 

• • a 1 a 

. . G CG 



:bfcE^J«l 4 1. 14 2, St/, 

i 1 e g I u 

ATT GAA 

i 1 e a I a 

ATC GCA 



m-^nrz?yummtTm^mLrz, K>s:^fb 
[0148] vi74-iBi mmm3^mm-^,t:) 

^^>i(Dmi 2 ObpOClaI*^e)NcoIST(D»fM-*4igi-r-5 
»rM-T-M^iS;l. pAJG2 ^^JtOBj^^^^^i;. pCAS4 
^]g*feL.fc (Fig. 9$-#M-a:J;) . «toT, 4-pO:^S 
O^O. 5fe{CS3«L.;tfc®*tv 1 7 4 - I B 1 t« 

[0 1 4 9] AJSfflBL 2 1 (DE3) plysS (Method 
s in Enzymology (1990) 185 : 60-89) SrpCAS4 TJ^ 

M^^^ii-T^NEB 6 8 i^f^sjLfc. mmmmi^ 

T. 'J h7'J7.3l?'J;<7— IPTGW^Sn 

izj^DmmLfzo 

[0150] NEB681 <DUmt. 1 9 9 0^11^ 

(C^KL, ATCC No. 68473 tlfSro Tt^-S, 

[0 15 1]^^<DT. ij h7'JXDNA7}?U7^7— if 
&t/;«i:i^BN E B 6 8 ld^e.¥^Lx>5:X^Vp?i7 U7- 
-tf-^-f ^J-x^Sfl^tt^tr^fett^tttliX+y ^ 5^ U7— bfS 

ttSr, [ 3h] ^^)lLtz±mmDN ASn=S:m 

fflLTft^Ufc. i?4S!OT. U h^'JXDNA/PU^ 



fe-So x4^yp(i7l/7— fefv-f:hX^S^<&, DEAE 
Be5i-W(c^^S!LT, x4-y5?^^^7— if7-y-lr'i'^iS* 

r^mx'^m^m^i'rz. m^-^nx^^-^^^-v y^^—e 

(Om&^^. T. U h7'JXDNAJl^iJ;><7— tfA*iy7 
r— [2 OmM© h UX-HC 1 ( 2 STCI-feV^T p H 
8. 8) , lOmMCDKCl, 1 OmMCD (NH4 ) 2 S O 
4, 5iiiM©MgS04, 0. 1 %©Triton X- 1 0 
0] , 0. Img/ml (DOi^lbs.myJlZfS.y. RZS. 3 u 
g/mlODNASM (i|tSett2 0 0, OOOcmp/Mg) 

^^tso. imKDSJtStJfc^iinL, Mtc. z:©si£;#»i: 

ti. Ml:2 0 MMOdNTP??r-^i^, -5-ni'OUiT«, 
KAHtlfc, »4Sio»^«x+y^5'U'7— 
TS'^iSrS^bTSS. ^^^tS^SS^#»Sr7 0*CT6 
O^PbIO+o-'^-KL, -e-OO. 0 8di1<&^* 

L-, 0. 0 2[nlO0. 5mg/m 1 <D@ifjS5!lSL;tx 
->><D«TDNA (^^JiDNAWttJg^Saf 
») , RU. 0. 2inl0 1 0%h'Ji7PDifSi4'CT 
COSfSife^-. ikJiX'5^m-i> 
4^3.^- hL, OKAS', X-^/'^OHJl.^ 

0. 2 5mlO±mSr. ->>^U-->3 >^?gtig^ 
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igll<&Fig. 1 1 IZ^Ltz. 
[0 15 2] Fig. 1 1 (diJI/iTFig.^^tl-Sck-pH. X 

[ 0 .1 5 3 ] SliSCT 7 
||Jgfia|l{r*5tiT5fe{cl2®Lfc:J:p(CPS3LfcT. U h 

;\'->:7t— t^JT 1 0 o'C{:*>iiT^«i)'f >^j.'<— hU 

;t : 7 OmMCD h 'J7.-HC 1 ( 2 5 riCtiViT p H 8 . 
8), 1 7m<Dmm.T>=E=.'yA. 7mM®MgCl2. 

1 OmMOD'^— ^7 ^;l'*7'hX^y— ;K 2 0 0 mM 

CD#x^^->:5?^7U':t5^h\ so:, 2 0 0 /zg/nil®DN 

L. 5%O^S^g-&iiJtCl|ffii^/h^i-a?£. 10. 2 0, 
40, 60, 90, 120, 1 5 0,S.t5. 1 8 O^i-fC 
m^Lfz. i}^U^5— lffitt€r, JeiH9lC|B«Lfc±^> 
(C, DNAt^'sCDx:t+>'^i7l^:t5"KCDlJ0ji^^€:9^ 

[0 1 5 4] XoL— f >y^>K A'<;^-^/l^Xa*»5> 

mmm'^m\zmmr£d^^&.^. 4, 7. j^t;. lo^j-tc 

m^l^fzo Fig. 3lC^$n-5J;^»C, 1 0 O'CI'iStt-S 
T. U h7U7.DNA/}^U ifW^iiffltae 0 5J-T 

1 0 0t:tCi3tt-5TaqO7l^U^^— b*o 

^mm\t4. 5^T$>-otz, 

[0 15 5] Fig. 3 AfC^^tl-5J;-5»C, ^^M^mtE 
Lfil^^i^miZioi^^ 1 0 OX:-V(DT. 'Jh^UXDNA 

TS)-5Triton X- 1 0 0 (0. 15%) , S^I^MJ, B 
SA (lOOMg/ml) (D?¥aT{C*3tt^it£jli^«9 5» 

i3V>T4. 5^J-T*-5, 1 0 O'CTWTa qWDNA:}? 

[0 15 6] IISa«R|4ir*Jt,iT$feJC|fi®LfcJ:5(Ci^S3 
Lfc*a^^T. U h7'JXDNA7}?'J^7— tf<D|»i^^ 
ttfcL<tt*ja»3«. orSrSASiSSlCiJliT, 
2ffi14©iinl»i^ei4<bttllSWrs^i?£r^^Lfc, C 
ne.0 2t?(7)|a<£r, i^JS^J-RCf 7^rBlO*iaffi{C.fcO<4 



Hst^bfc (Fig. 3B) . mmii^mizin-f^^y)-m 
{t(D$>^Wim=S:mm-r^rztb\z, mmmjimmmf^^^ 

[0 15 7] mmm4(Dmmmmmm^^ 
1 0 ot:Ti sij-ram^L-, -ero^. 3i(±T-3 o^mt^ 
mLfz, itmLrzs&m^^ 12. oooxgjiistt 

^. 4"CT<0 1 O^J-raoDS'il^(C:J:0^iLfc. lUfflCDTj? 

•J^^-- fe*Stt(D*<j2 0%*iC:CDjiS-ei«^Lfc. S# 
D N A7}^ U 7— « 1 ffittrajm^^^Sfbtti^ 
9 5'C»C*5lt-S¥MM8li*5)7^FBlT'*ofc. 

mmm4izLrzi)^^xmmLrz^^z.mm\zmi&i-r^. 
7 5x:izi5»^mij^m^n^mL tz. 
[0158] mmm s 

1 ■ ^^=¥'>5l ^ K!Sg)#^gfc L < \t^mzM 

-r-ST. U H7'JXDNA/}^'J^^— tfWRit: 
Tp'J ;< 7— If^lCMii-r^X+V^ i7 1^7— tffilitCDW 

3' X=^^V^i7^7— 5^:t+->^^?U:f5'K?SO 

#ffi{c{tisibT±i;-5a^{bir<to i ofg=bb<«^ti 

^3' -5' x^y5?i7l/7— #l5ibTSz^m 
•^'fttCi 0^^l:ISS$n-5. Lehman, I.R. , ARB (19 
67) 36: 645o 
[0 15 9] T. U H^U;^DNA;}^'J tf, 

ttK7ii^<5i-*r^nTli^x+V^;7l/7-if^ 
tg^rWf ^5p'J>^7-1f« (T4®:^U tf, 
Z'^Wih-) a^ftA*-;/ 7T- (7 OmMCD h 'j;^ (2 
4'CTpH8. 8), 2mMfflMgC12, 0. 1 %OTr 
iton, St;, 1 0 0 iig/ilO'^v'jfilffi 7Jl/:/5 » 't'fc: 
*3liT, 1 Mg «3H-?-S v>-7'^Jl/Lfc2S?>-li 
A/ODNA (1 05 CMP /yg ) S:3!lD;tT-f >^i'< 
-hLfc. 7 0*0 (ff.^tt7j^ U ^ ^-1f ) fcL<«3 7 

r ('t'iattd^u^^— if) ©vi-rn*Mci5tts. smm 
m^i) hi.<\i4mm (11^2) o-r >4^3.'<--> 

wt'^m\tcDm^my^)n^rzm&<om^\z^<()^m 

itLfz. 

[0 1 6 0] «i ('^-rj;5ic, 5' -3' x^^y5fi7 

:t+->:5li7U-^^h-jS7ji3 0 T#ttt-S«^t;, X 

T44?'J^^— if, :^^®iPU^7— if I ©i^U-y-i^Kr 
fcL<«, T. U h7'JXDNA3}?'J/7— ifWJ; 
375:. 3' - 5' :/;i'-7'J-X'<>;9'X^Vp(i7U-7 
-• ifflH4S:Wr-53p>J;*7— if«, x^+->p? W::*-^ 
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T. 'J h^'JXDNA/J^'J^^— ifi, ;*:MMWDNA 

2 O^fir^r, $fe{c|B«Lfc3 5 0 Mi (OM'^it/'^yy r 
^CODNA ( 1 05 CMP/ Mg ) iimz, 3 0 uK <D 
T'r>+a'<- hL/fe. ^^.-tT-, 5 0 Ml ^i^^U, 
g. 4 P {C, 3' -5' yjlz-^U-x-f >i^X 



'J ^ 7— t ilKTjt^ < ^i-^$tlTt.^-&;*:»MO D N A 
[0 16 2] 2. 7'7i-=^->5?>»l^;^^Kg)ltjlD?§gtC»f 

(5;^7XiJXfi^ic) $T'§l^±tf-5<t:. a^©iiS;J<± 
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"f^y^Z' -5' X:^Vp?i7UT-l3f®{4$rS9Wi:!g| 
a^^tlcfe#-r-5 5 ' -3' :su^'jy.f?V7- 

[0 16 3] 5^^+v?i7U:t^h*aS?£ 1 0 mM 3&^?> 
1 0 0 /zM STli:*:;^t-B-T, T. Uh^'JXDNA^U 

^^w-f >+i'^— >3>ffira^«ifflLT (1) {ctaeu 

h^UXDNA/J?U^7— fef«, 3' - 5' y>'l'-:7'J 
'J;<7— tf. T.a qWDNAjJ^'J ^7— ifCOfe 

i/i^;*-5'H©U'^Jl/©Ji:^trSi^;L, ^©5' - 3' x 
4^Vp( ^7 1'T— fe'ettneHf^x^y J? ^ 

[0 16 4] 
[«2] 
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3. ¥g|lbg-tj-fe5^;j-^->jL^l^:j-5=-Ht^^75^g>jN¥g^ 

a^^bfi, DNA^fi£+{c#ffi-r^#ffiU'^;i/©4ia« 

■t^h<DtS.t>tl^. Z.(D^oU0kmt^ 5' - 3' X 

-5=^-0^3' -5' X=^VJti7l/T— ifS<4Sr*^;S:»5 
mtat^ii:^, Lehnian. I.R., ARB (1967) 36: 645. 
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[0 16 5] T. 'J h7'JXDNA5}^U>t7— fe*?:. ¥ 
mit^iitzv':t^iyy^^\^:i-^\^U^)l' (3 0«M ) , 

Wl/10t>L<«l/10 0T*StV5^i4KT'* 

i'^-hbfc. ^-W^. T. "J h7'JXDNA7ltU^7 
3' - 5' fcL<«5' - 3' X4^y:?? 

&fEfil-r^dCTPiiSSr^^1-LTli. (1) l3t5liTl2® 

IC. T. U h7'J7.DNA#"J^^— 7'J 
-x-Y>i^3' - 5' X+yp?>>^7— tf^-^tj4?U / 

->p? ^ 1^:^^ h* T 4 D N.A# U ^ 

^ -■ tf b < «:*:»aD N A # U ^ 7 tf I O U / 

. '5flfi,1^{'l^¥«^±#^-e-SST. TaqDNA#U>^ 

[0 16 6] 
[«3] 
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4. X4^V3?^b-T— 

t?liT3' - 5' (D:^m^^^t^i)K -yjX\ DNA 

Vp?i7l/7— tf«5' - 3' ©:&(pH4^W-r-5. T. u 
h 7 'J X D N At}^ 'J 7 -if ©X+ V J? i7 T— tfStt 

LxAcDNA^-jpJfflL^c. iODNA©5 ' ^ttgSKJC 
J:oTjS»f$nTV».Sfcae). :^|fi]{t^i5' -3' TS-S 
c:©2a^•ti^^DNA?rm•rSC^:*iT 
LTi^Li^d^e,. x+y pti7 w-r-if I I Ih 

tJ^Up^^-- tfcoj;^;^:. 3' - 5' X'$>^mmiSmt7 
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[0 16 7] 2 S^fiOX^^^y^i'UT-if I IK* 
-S^^a. T. 'J ^7U7.DNA/}?U>^7-1f. T4C0D 
NA3}?'J^7— tr (A<tt«^ff$tlTli-5 3' -5' 
X+y^i7U-7— bfffitt^mW-rS) , feL<{l. Ta 

m^-rtii^(D2 om&:^. 5 ug (OT^yo-iJVx 

ODNAtftSa 0 5i-ST®B8FBl. 3 7^: (T4#'J;< 
^— tfRt/^X^^yj^i/U-T— t'l I I) t)L<tt7 0'C 
(Taq4?U^7— bf, Rt;, T. U h 7 U X?}? U ^ 7 
-• t*) OVi-rn*^T'. 7 OmMcOh'JX-HC K 2 5^ 
ICt5ViT p H 8 . 8 , 2 mMOM g C 1 2 > RZ^^ 10 0 
Mg/mlOB S Aro^FftTlCiSliT-r y=^:L^— h Vtz, 

NAoyx/-;uttancJ:0^mffitt*<?it$-B-. ;^ 

IC. HpaHmbfrS 7'CT l^ra. 20iiiM©hUX. 25 
'CTpH7. 9, 1 OniMCDp®!-7if:^;->'^7A, 5 OmM© 
mmtl^J^A. RZS. liiiM<DDTTrt{C*5l,iTfTofc. 
C(DDNA»rM-$r7:*/D-xy;i'm^*l&fC#tt. 

iLT#^n-5, SB$M5)-«SU;?l€fig?#^i;^2S^ 
ti■^D N ABfM-«tW*co«liCi&S^ 

[0 16 8] x4^Vp?;9 U7— tf I I K T. U h^'J 
XDNA5}?U^5— fe\ 2it/. T4DNA7}^'J^^— 
(7)3' - 5' X+V^^L'7— bffilttTSt. Txy:7-r;i. 
XDNA®ii»fbTa&-5 5' )Sl:S5^5-r■5 2a?,•t^■^D 

NAifitratB^oMHiJSoTiDO, ^©3' s^s^s;?:; 
5' - 3' a-&ibfe#Mx+yp(i7^7— estt^wr 

a qDNA;}?U^5-1ftJDNA8lfM-©tg^^^$ 
[0169] 9 

PCRfei;.fett-5T. U h7UXDNA/}?U ifCD 

T. U h7'JXDNA#U^^— f*i7}^'J ^7— fe'il^ 
SJ£ (PGR) ^ff ^tg^'Ji&feiiSbrc:. ^ig0iJ4lC*5 

^^rmm.Lrzj-^yy7—^^tsi o o u \ ^m^izii\^^ 

T, 4 3 5 5bpSy^2 8 9 5bp02OK)»f>T-€r*i:-5CI 
ami\:^Z<i:Omm-^ntzMl Smp 1 8(0DNA®^{b 

DNAiLTi¥tt-r^2 0 0 ngO-i? v'Wfl^iiD N A 

lXiMT#ffiLfc (iE*[S]©7'^-r-7-=5 ' d 
(CCAGCAAGGCCGATAGTTTGAGT 
T) 3' T'$>*). *^t5. mij\^C0y^-i-7-=5' d 
(CGCCAGGGTTTTCCCAGTCACGA 

c) 3' Ta&^) . ;me>o:/5-i' v-n, mi 3mp 

1 8«i^DNA0 1 4%€-^-rE?lJT. 5felCffi®Lfc4 
3 5 5bp(7)»fM-±® IkbODNAE^JOp^^rSS*-^: 
tf. MtC, 2 0 OmM CD^dNTP, 1 0 0 tfg/mlODB 
SA. 10%ODMSO. RZ^. 2. 5*fi:®T. Ti' 
TT^'f i7 7.DNA/}?'J;*7— fe* (T. aquaticus) (0. 



5%C0NP 4 OSy^O. 0 5 %®Twe e n 2 0O#ft 
TfcL<ti##ftT) . *-5ti«. T. Uh^UXDN 
A#'J;<7— Ir (0, 1 0%<7)Triton X- 1 0 0®^F*E 
Tfcl><tt|f#ftT) 9 5 

"CT-S^J-, 5 OrX'S^i- (^©7t?'J^7— tfSt^BSA 
di^iOSn^ra^) , so:, 7 O'CTS^i-d^^.^t-^TVi 
/S:, §l#S^$ec-5^PCR^»^©E5i-S:aTII*-r : 
9 3'CTl^)-. 5 0'GTl^)'. RZS. 7 0X:X'5^, 
0\ 13. 23, RZf, 4 0 ^ffl^, 1 0 0 w 1 
F^WTwe e n 2 0 Ml <»aS:K5*L, IkbODNAE 

^J® JUi^b Sr^S^bf^ ir ^ft;x5^ V -^z A 75i#ft-r 
s 7 :^ D - X y ;i'«^Sci)i tc « L . 
[0 17 0] 2 8ngRtJt2. 8ng T#ffi-r-5 CCDS6*)D 
NAE?^J$rffl^;>^3^5!JO^^^cJ:0. :l^'J;<^—tfaM 
S*t;SrMJifk-r-&T. U h5'J7.DNA7HU;*7— tfO 

4? U 7 -- tc^ e, n-5 ® t itg<T # ^ « D < tJ^ 

<T2^ea[-c*ofc. 

[0 17 1] L*^b;^j:*t^. >}?U/5— tf«Stgco^S;5^ 

;K 2. 8 :7xA hi^5AtC*3liTT*ofc. ^^^^tJ 

ODNA#fi;::t5ViT, «iis®;}?'j^7— tf^^ftsz/ 

U h7'JXDNA#'J;*^— 2 3^mrtT'(S. 
T. 7i77T-^'i';^DNA#'J^^— tfilttSEbT4fg 

[0 17 2] j:<o'>tt\^^mmT'$miz{>m<DDNA^m 
^-r?>mi3it. pcR(D^<(Djt^mmizt-:)xm^x'$> 
0. ttiit. mmi\:(Dtzt()iz-A^r£<o(DmwL(D^m^mm 

i^Mizmm LT < ^rzitxh^. 
[0173] ^mm 1 0 

*ig«»J9lc*5l>Tt2®$nTV^-5J;p(cliM-r^:^J®M 
NEB6 7 1(ATCC No. 68447 ) <&^Jt L ( 7 0 
i^7A) , mlSfcO 2 0 0 wg OU'/^^-A^-^CJA'-y 
^r-A^^fc. ftif§^a*t3 0 OiDll;:;asJ;pfc!S®b 
fc, :i®fg^#3Sr3 7'CT2»Fb1. -^-O^, 7 5'CT3 
0 5J-rBM>4^;L'>;-hLfc, JinSiLfc^g^il^S-. 2 0, 
0 0 OXgX'3 O^mm'L^L. 2ft^^ttX>KJ?i>U7 

mt-^titztztf), z(D&mtzii\,i^mm<^^-i>ha> 

dtd^-c^fc. c:w7 5*co±m^jEitJic=b#S-r-5ffl 
^;^T. U h^'J;^DNA#'J^^7-if*^e.C:cD»^^ 
5i-St--5fcJi>H. Z.<Dm&^DEAE-±y7 0—Xt) 
(ScrnXScm. 1 0 OiDl®3?:Jt(*^^») S'SL, g 
{C. 2 0 OmlCOA'-y 7 7— ATifcj^L^i. itC^TCOD 
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8M0NaClOlU-y h;UOit^«a!4DgBjgT-^ffi 
U. -etlil:'. lOmMWKCl. 2 OmMO h UX-HC 1 
(2 4'CTpH 8. 8) . 1 OmMO (NH4 ) 4 S 
O4 . 1 OmMWMg S04. 0. 1 % WTri ton X- 1 0 
0, StX. 1 Mg ropBR322$rO. 0 SmlOSlS^-g-^)! 

*X7;j--fe;UD— (2. Scmxe. Scm, 32 
inl«5Jt^^^«) \zmL. A'-y^r-ATifeitb. M 

L-fcO. 1M*^61. 5M <Z)Na C 1 « 1 'J H;l/«ia 
5' TTGGTTATGCCGG 
3' AACCAATACGGC 

2 4 1 1 (D^m^&^-sismm ■. 

5' TTGAGTGAGCTGA 
3' AACTCACTCGAC 
I VS 2^pBR969*^e.NiJ^r-5«^, i^^i: LT^i;?) 

7^7X5 PAKK4 (3lig««li 1) (S, :i:^'jy^m.^ 

5' GGTTCTTTATGCG 
3' 

3' CCAAGAAATACGC 
5' 

MBl (*) fc#J«x:^^y><i:;&ffliJ(75X:^^y>i:CDPBT 
CDM^$-S^L. ^•tl5>tt, I VS 2coNiJI*fC<fcOSlMC 

[0 17 5] I -T 1 i I >i7'g5&{C*5tt^ 
WStJ. SOrfCiitt*, SOmMCDTRIS (pH7. 
9), 10mM(DMgCl2> lOOmMONaCKR 
lniMC0DTT©SJt;*frS:fieffl-r-5)t, rgEpj © 

getetcijtt-sfccDio 1 0 ofgfej;Oji<g;i^. 

b®^^1^TT«. ;i«»5gfi;»;»e®DNA?:6- 1 0 
fgWKrfS. TfiBlJ COMSH, NH4 (lOmM) . 

(7 0-8 0*0 . RU. ifi546®pH9 8. 8 
- 1 0) fCj;i9figjl$n.5o 

[0 1 7 6} iitoT. T. U h5'JX7!)>^OX>Kpl;:7 
fe'«, «)»rgB^tC*3tt^4ail<DJgS(D3' 

L*^o|g^E5iJ{l*5tt^ l^giiTS^^fiEt- 
r -5 ffl® X > V ^ 1/ 7 — If ir SiK L T V> . 

[0177] -f > h p >®?§^^site^^rt o z.<Dmm 

SCtetJ, -1'>hP>Sr3— h-r-5X>h*^i7UT— IfO 
(i. -1'>hP>S:Zi-HLTV5'5X>V?i'U'7— If 



^iS^^ijEa?T^fct5L;t. e^tS^tJO. 8M ®NaC 1 
T^tH^tlfe. ffitt^j-il€:-*<i:*e)ilL, A*>;/:7r-A 
II^*LT-%S*fL. HPLCty-S;^J^A (:77;U 
•7->Ttt) SJd, 0. 0 5M 74^^)1. OM (7)N 

aC 1 cOit^jgS^iBMT^aiLfe. Stt«#-(7)tf- 
i^tLT^tB^n. SDS-PAGE(rJ;-5<i:l^ 
— T*0:^^0. ^— «4 2-4 7kdO;N'>K7i«i^v 
-^-yjl'-SkfeldctO^ai^n. Ml::. ;i®A*>H^y 

m^^m^-^"^. ^B£^Fii-fcB$*T. ^n«yju±T-«i 

[0 17 4] :L(Dmm\t. #^;^DNA±<D»S Lli^ 

(Xi-<>i:7'^>K A-1':t7/t^Xtt, t*A' 

7A:5^-DNA±(C«|g?W^Wg|5fi:S:. SfC. pB 
R322±(r3'5r-R)f«^»raB'&-^#-r-5. pBR322±G) 2 0« 

fiH 1 6 4 (D^»fgBfi?:-^tJM« : 
TAG TGCCGGCCTCTT 3' 
CATGACGGCCGGAGAA 5' 

TAG CGCTCGCCGCAG 3' 
TATGGCGAGCGGCGTC 5' 

I VS 2fti|^.i±i.t3fett-5«]»rggteSr^tJ«« : 
GAG* AC/TGACGGCTTTATG 

C/TG*TGACTGCCGAAATAC 

iJL, ti^-O, ;i®x>h*^i7^T— fe*tCJ;-5-€-©DNA 

* <»: L T * i; -5 1 5t A ^ tl T V i ^ . 
[0 17 8] *%HJ©ISiSSttx>K3?i7WT— 

[0179] nmm 1 1 

IVS2g:m^LfeT. U h7'JXDNA/HU^7— tf 

fifi©7;i'7 7-i'^7.oDNA#'j;<^— ifss, sy:, 

1 1 7 0bpW^SE^J4'<OX>H^i7L'7— tfiitttS^L- 

U7— 1fWB9lCfe*««!J0 3O(D7 5/SE (Tyr Ala As 
p ) a a 1 4 7 2[r*tt-2)Th r {CiS'&LTI.i-S* 
^tc«, ^»;a:*iifia5>J I *i«gS:$ti-5 (T^^JgUfc 
SSttfiRtt^S^T) : 

ffi^I : TYR GLY ASP THR ASP S 
ER 
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&m(Dm^Mn : TYR. ALA ASP SER V 
AL SER 

^mcom-oMn : V AL his ASN THR A 

S P GL Y 

'XMTfiU )^^^-if<Dmmi : TYR. ALA ASP 
THR ASP GLY 

:i<DiiFnm^nm-r^tztb\z. uATic:^-rct^tc, Ly 

s l 0 7 6St;^Val 1 0 7 7®r] h*>fflfeSr^{t; 
^ -fr-S ;i i: td J: 0 ScalSBfeSr P C R y ^-f v-rt (Cfpfig 
Lfz: 

T5./m: PHE LYS VAL LEU 

TYR ALA ASP 

^1!0®SB?IJ : TTT AAG GTT CTT 

^{b^-ttfcE^iJ : TTT AAA GTA CTT 
ScaIgB{4 : A GTA CT 

KpAKK4 ^. aTtCS^f fi£^i-tCd&3feTS3 

1) pPR969CD*«J7 9 5 9 bpWSrfrSr, HindHI JScZSEc 
oRI T'OW^fCj;l9^^{f:brc. 9 xi<^pPR969DNA 
^. 4 O^fiCDHindHI X>Kp?;7UT— ifSZJ^4 0* 
{iODEcoRl X> K^^kT— tf$:^tJ^»0. ImlCDl 

-hbfco 0. 7%<DGTGmm<D7-»u 

-xyjV (FMC) ±T, hUX-TfJ-^iE-EDTAA' 

[0 18 0] 2) ScalRO^coRI *sS<&Wr-2>)^6 3 
8bproWM-$:PCR^ifel*^^IS^fbL7t:. CWS^Sfg-a- 
mt. 1 xNEBiAciI4^'J^5-if;N*-y:7r-. o. i 

mg/ml C0'5->jfii»7;i/:/5>, 0. 2mM®dNTP (# 
5?i7l/;t5^Hdi||^:Jl/T«>'5) . 0. 9//g/inlC0pVl 
7 4. 1 B 1 y^XS KDNA^S. S.CX> 0. OlA 
260 U/nilW:/7'f T— 7 2 - 1 5 0 (5 ' ATAAA 
GTACTTTAAAGCCGAACTTTTC CTC 
TA3' ) . Sy:. T'^'fV- rj ACKJ (5'CG 
GCGCATATGATACTGGACACTGATT 
ACS') *■^^T^>fc. 0. ImlWSJlBS^i^Sr&'ir 

;i'-7-tt©-!t-t1t-f+3.7- (aSitfS^) rtT. 3- 
5^m. 9 S-CtdiOl^Lfc, 1 U®iAciIDNAJl^U 
-• tf^^aSi^tC^SuLT, 9 4'C-O. 5^. 5 or 

-0. 5^}-, 7 2x:-2^i)^tx,f3,;s>i smm^m 

aiL. MH, X:5'y-;i'«tlSS-&fc. K^Pf^:, 5 0/zl 
CO h'JX-EDTAA*->7r-4'tr@^$-B-, HJC. 4 



Ow 10dH20, 1 0 ©1 OxNEA-y^T- 
3. 6 0*fi[OScalX>FJf i7l^7— tf. 3SfcC5. 6 0^ 
fe<^EcoRI X>H5?i'U7— t'iS^Lit. 3 7'CT 
1. 7 S^Fpl-O+i'^- hb^iM. :i<DSJCS'fe^ 
1. 5%<D7:»o-7.y)l±X'^mL, MIC. *t)6 3 8 

bpcD^rM-^^^^aiL. &.T\z^r^z){zmm{tLrz. 

[0 18 1] 3) HindHI SC;ScaI*Sg$:W-r-5*^3 
5 8bp<D»r>T-€rP CRS<i»*^^^»^tbfc. Z.(DR^^m 
■^mt, 1 XNEBiAcil#'J><^— t*A'>y77-, 0. 

1 mg/ml <D0i^!km7)Vys.>. 0. 2mMOdNTP 
(#^^U'7ff^H;it^^r;UT*-5) , 0. 9^zg/ml<Dp 

VI 7 4. 1 B 1 KODNA^S, sex. 0. 

02 A260 U/mlwy^-f V— 6 9 8 (5' GAGA 
CTCGCGGAGAAACTTGGACT 3 ' ) . R 
ZS, y7'fV-7 3- 1 4 3 (5' TACAGTACT 
TTATGCGGACACTGACGGCTTTTAT 
GCCAC3') $r■g■^TVi;^c, 0. lm\(DKft^M'^<^ 

-+>-x;i'-7-^ac9-!^— ^•tt-l'^i^— F^TS - 55i- 
m. Q-S-CfCiPf^Lfc. lUO'OhDNA/i^'J^^- 

-tf^ftjRiSas^Wfr^jnb. 9 4-C-O. 55>. so-c 
-0. 5^. so^. 7 2x:- i^i)^iitj.^2 omm^. 
mmmm±xrT-DTz, :i<Dun^-^iiisb\zv. 7xy 

-;i/J*mL. X^y-;l/ttK^ii-fc. IlOtSilsf?: 

5 0 Ml ® h "JX-EDTA;\'-y 77 — "latCSJBSb. 
Ml'. HindHI Rt/^ScaK > h*3? U7— tfTWiSL 

L. HJI. 3 5 8bpO»rM-<&«^?§ait. ^XT^Ztt^-^^ 

[0 18 2] *^1 Mg/ml®. 9t 

tCl2«bfcpPR969»f>i-. 0. 8Ml/in!<^. 5felC^L?t6 

3 8bp©»fH-. 0. 4 Ml/ml©. ^felC^Lfc 3 5 8bp(7) 
»f>i-, 1 xNEBi^^iimSf£:/N'-y7 7-. RtX. 10 
0. OOO^fi/ml (Z)T4DNAU:^— fefS^■^^T^> 

;t J; 5 f' . IE L < f^EK $nfcffl^^;^.^<&ScaHS{t/1^' 
->lrJ; t)I^SL. SIC. BL 2 1 (DE 3) p 1 y s 
S 1^ -yrTIf S pltgi^cffitt^X i7 g -X >^ 
Lfc. c:®J;57^<£2aig®^«#)T*^pAKK4StX 

pAKKiSi^. c:w;^<DW^icffifflL^c:. ;itie>2a 
fe75^*^t)e)-r, i^-T^-ScteiicJsi^^n-S). 

[0 18 3] ffLl»f^©«aTS-5pAKK4:*^e)0^^«. 
1 1 7 Obp®i'>hP>*^6(DX>h'5(^'^7— tf®^ 
^Sr#t>/j:V»pPR969lCit'<T, S-lO^^l^T. Uh 
^ U XD N At}? U / 7— trS'^^-r-Scfc P lCS*3n-5, 

[0 18 4] T. U H7UX>}?U>^^— 1f®X^Vp?i7 
U7— If^a^S«^C0]g±Ofcse)O^3^'^i7^'-«. pA 
KKl 5*^6® 1 4 1 7bpCDClaI-SphIieriT-Sr. TtlJfErox 
^^VXi'UT— if^^T. U h^UXDNAJt^U/^- 
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[0185] 1 2 

bfpj -y^T. • Xtf— i^X (Pvrococcus species) 

tfD=J5/;^7, sp. (Pyrococcus sp ) ^©GB-D 
(ATCC No. 55239 ) 8*® 1 'J -y hJI/ffl t*> 
tfJT. 1 Og/1 cDit5.a'1':tr>Sr-Btr> Belkin. et al., 
±.m. {Cg2«^nTU^-5^**T, 9 4 'etc is 1/^X2 B 

b. SIC; - 7 0'Ct3«??bfCo ifflia©|HllR¥«, 
h-d/^fcO 1 . 4g T^ofc. 
[0 1 8 6] $felcie«b;fcj;-5tclf»$n;t 1 1. 5g 
0. IM ®NaC 1 ^-&tJ2 8ni!OA>y73' 
— A (1 0mMOKPO4 A*-y7T— . PH7. 4 ; 0. 
ImMOEDTA, 1. OmM©^— i^)Vti^V:^^ 

j-M ^\z.mm\^tz, z.ci'^mm.^. Av,\z.ii\^x\ 

5, 0 0 Og T3 O^rait'L-bfc. ±ft^^S:. 1 8111I 
(DTy^f)^ yjV-tlyU (A'-r^^Kft) ICffib 
fco -e®^, CO^^ASr, 0. IM ONaC 1 
5 Oml®/\*-y 7t — ATifcrtbfc. Z.CDtl'yL.^. n -j 
7r — AlC#Sn-5 0. l/6i?)2. OMONaClCDS 
0 Oml®ifi^jgai^S^gT^ffib>t. DNA/J^U^^- 
iftS^l. 3M CON aC 1 tCfclt-Sm— Ot!-i7,J:bT 
^m$n. Ctl«, ;^^A{Cfltbfc«tt09 0%^^b 
/c. DNA/J^U t'«tr-i7©fiHt (2 5inl) 1 

0 OmMCDN a C 1 ^^ti 1 U >y KJl/®;N*-y 7 r — AlCj* 
bTS^fb. 1 0 OmMcDNaC 1 $r-g-t;y\'-y7 

7— ATT^fbbfcl 5ml(07*X7;j--feJl'D— 
A(:#tb;t, :iCD*^ASr 1 0 OmMWN a C 1 Sr^t? 5 
OmlCD/N*-y7T-AT-jfci|fb. MtC ^*?§tt$:. n-y 
7r— A(C-^*n-5 0. 1*^5)1. 0MCDNaCl©2 
0 OmKOit^Sa^E^T^mbfc. fStt^O. 6M CD 
NaC 1 (c:*3lt^#-Of-i7tbT^m^n, ;^5A 
JC#tb/iei4©7 0%^^bfc:o -*<i:ie)(3brcfgtt 

(4 2ml) €r5 0 OmlCOA*>y7T — At'^^bTStffb, 
Sir, 2 5nilODEAE:^7AlC#tbfCo ^<Df)^h. 

0. IM ©NaC 1 $-&tr5 Oml(DA-y7 7 — AT 
gfe#b. ^3^fttt<^3 5i-0 2di;b^A^jijgbfc. fi&tt 
:J)-iii^-^ti?)lc:b (3 0ml) , MtC, 1. OmicDHP 
LCt/-S tivU iyr)V7'>7^) icttb. 0. 
0 5*^e.l. OM CDNaC 1 ^tA'-y^T-AttilC-g-^tl 
-5 1 0 OmlcOiti^iia^jEJST^dlbfc, fgtt«, 0. 
2 2M ICiitt^m-cDfcf-i/tbT^tiiSn, 
«tbfcg{40 8 0%S:^bfc. 

[0 1 8 7] «§3bfclfn3-y:^X sp. /}?'J;<7- 
•e$:SDS 1 0-2 0%3}?'J7i"j;i'7 5 Hy;n*iT 

tt^acidb, MIC. mmm^mmr^rzef>izumzmWi 



bfci'V-i'— y;l'-^^li|l=lD'1' H^fe (I SST 

eK<D.A*> H*^, *>)9 2, oood^e>9 7, oooy;u 
a) ©s^fftic5t^-r-5i^-yju±Toi±feicj:o®^§$n 

/c::^=i->>, 2 0 0, 0 0 0 ^Jl' h > ; 7 :t U 
^— Ir'B, 97, 400^';H->:BSA, 68, 00 

oiTjvhy : 43, oooy;Ph>;* 

;P3t?-<yi7T>b: b\ 2 9, 0 0 0 ^J^JP h > ; b 
-7^^ hi^D7'U>. 18, 4 0 o^;i'h> : 'jy^^- 
1 4. 3 0 0 5^;i/h>. 
[0 18 8] 3 

braj-y:^X SP. DNA7i^'J>C7— tfgfeiFg>^P 
-->^ 

T. u h^uxDNA^'j fae^*^e.isi3$ti 
^c^wtty D-y $-«effl-r ^ tf p n >y :^ X y / A D N A 

■^'TT/^U-Ci'nXA'f :/U -y KJ^fiKli. trpa>y* 
X D N A /t^ ' J ^ 7 — tf ^ n - K -r ^ D N A © ^ S 
gi^%«bTo;iiT-&^. ctitt. JIUTlc^-Tck-plc 
Hffbfc, 

[0 18 9] hfP3>y;^7Xy/i:.^'f :/^'J-«^MlC 

tfPa-y;t;X s p. DNA^r. EcoRl , BamHI . 
RtJC, Hindlll -C^±\zmWi\^rCo ilW.DNA^:, 7:*/ 
P-xy;l/«^acSl (Fig. 1 3A) , ISlZS. EkTiZfRf 
ffl I c n IS b fc D N A :f p - :/ ffi ffl f ^ -tJ-tf > / N ' J 
>y h'J^fig (Fig. 1 3B) IZ^Vfz. mBS©^>^Ay^ 
-f 5>y^>y H CTol — f>y^>K /U:ty^-X 
tt) rtlC*3tt^#ISi:bT. T. U h^UXDNA/J^'J 
tfite? (bp 1 - 1 2 7 4, A*i7xU:^7r- 
v'NEB* 6 1 8A^e)lfffr^C<i:d^T^'5. ATCC 

No. 40794 ) ORIDOEcoRI »f>T-© 1 Mg ^^tsR^^ 
^-^tlSr, 3 7X:TmrBl-f >+i'<-hbT, ffil^^lt 
SWStt®DNAyp-3^^f^Sab)5:, ^ICO^P-^ 

*eS©|?!BS^f!^TlC*3i,^T5felClSS!b^chfPzi-y 
*X s p. ©DNAlC^bTA-f :/'J -y h*J^fi£$-li-;t 

(y\-f yj -y KJ^fig : 5 O'CT-B*. 4XSET. 0. 
IM (OU>^:J-h'Jr>A, pH7, 0. l%OtrPU> 
S:^hU'i'A, 0. 1%CDSDS, 1 x-r>/N-X^ 
; : 3 X 2 0 - 3 0 5J-C0i!fei#, 4 5"C, 0. 

IXSET, 0. IM 0«J>K-^-HU'^A (pH7) . 
0. 1 %(7)t;P'J>S!^hU'^A, 0. 1%©SDS, 
Maniatis. et al., ±^) . *>) 5 kblC*5tt^*— ®iS 
;i5:A'>K*^BamHl TWirbySitf P3 >y ;<jXDNA4'IC^ 
ttJSn^c. EcoRI StXHindin c:©yp-:/$:<S^ffl 
■r^i:«IS©A'>f^Sr5fei;, Z.ni^<Dmmit}:fanytl 
X :;J^ U ^ -if ae b 1 i ?r «»f f -5 d t S: b T I i 

[0 19 0] c:ne>o^*icS^#. -yy—i^^^^- 
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A DASH (Xhyy^i^->W LTBamHr y 

^HBamHI imtLtzDN AOiW^^^. ADASH©Ba 

>a) S:fflt»T*tAL. ;*:ffiBER 1 4 5 8±T¥Sig 

X 1.0 6 — v'5r^^T^ifco . 

[0 19 1] T. U h5''J7.DNA#U;<5— k'ite^ 
(NEB# 6 1 975^e>H^§T•#■5. ATCC No. 4079 

5 ) © 3 -ZXDmh- (bp 1-1274, 1656-26 

6 0; RU. 3 0 6 9-3.7 3 7) Cd32 p - ^^^pbf; 

DNA:/D-ysr. miscoT'^-fT— :^^<> h (xiL— r 

>y^>K /N-:t^/i^Xa) ^fiefflLTiSiSlb/io Bent 
on & Davis (Maniatis, et al., ±M) co:^tetcti£V^ 
$fe t: f2« b fc/N rf 'J K Jgfig^fr S: Lx T fc! n n -y 
:^ 7. © A 7 -f :/ ^ 'J - S: X r> U - - > i^-r ^ ® {' ;i 
co:/p-7'^^fflLfc<, ;i©:/7-!!7®i^<ji/t— t>h 
^llttTafeD, 1 Of@oiH47'5-i'^S*?b. 
!IJ;0«SL, 3I5l¥«««b^c (#.*Sitllc^ 

ViT, 9 0 - 1 0 0 %(73:/^ — ir/i)i|^tt|-7S:-5$T) , 

(Maniatis et al. , ±3S) ^^mmm^^mmL. ± 

mmmf&^myk-r^mzmmi^tz, o. imio^yi/- 

t-^MJSSrO. 2inlC7)fflflg (OD600 = 2) Sr^tf;*;:)! 

0. OSMWNaCK 0. 01M<Dh'JX (pH8. 
0) , 0. ImMOEDTA. 0. 1%0 Triton X- 1 
0 0, Rt;, 2 0 0 //g/nil©'jy5^-A (iffllS©^*^ 
rc0 3f§©^«) ^JIC^SL, Mtr. *«Jl5i'FBTfcL<lJ 

fcttai#i^tt-&(c7 sTCTs o^Fsm^u, S'6l> s 

DNA/}?'J;*5— fe*tCt3liT7-y-tr-f bJt, lOS^O 
*t)i^l.^fgtt^S:^Lfci7D-> (B9) ^MtmSL 

[0 19 2] 7r-vDNAS:B 9j5^e.*^L., JfAD 
NA^SiJfgg^m^fcfcJcOPSL;^., SallTOtS^kirJ; 
0. 2*®ADASHt 1 5kbC0jfA»rM-iSr*i;fc= 
BamHI T<D}^<b{I<J; 0 . 2*OADASHi7. 4. 
8, SU^, 3kb©3ooif A»f)T-i£4i;;t. ;iti^0D»r 
)tO&'!r^7;yD-xyjl/«^»«j(CJ;0m©b, 
L. Mir, pUC 1 9©BaiiiHI W>^\Z^^htz. Z.<Df^ 

'^m^m^^m x.x^mm'E r 2 2 o 7 

-X^ffi (X-g a 1 i I PTG) ±(CjfA»f>t*i»« 



aecDJgKe^^t:^^5^^§$n;5:*^ofco 4. 8kbco^M- 

IrliSjloefe. RtX. 2 7ilO*fe}gKe^i*:;5t5l^# 
MIC. 3kbO*fM-T?«, 2 0a®Sfe. SZ/, 2 
ll@©WejgKe^^*:*^5l^^tlfe. 3li®4. 8kbC) 
Sfe=in--JgHe^#:®^TIi»^^ttDNA#'J ^ 
7— ifSttSr^iSbfc. 3kbO»f>tT<DJ^«e^(*OVi 

4. SkbOtf □a->*XDNA»f>T-€-ffi^T-5;iC0 3'O 
Oi7D->H, ^T, fi^^ttDNAJJ^U;*^— tfir-:? 

rzm^<r)tzisb\zm^vtz (neb#720) . neb# 

7 2 0 t^^^n^dOi'P — 199 1^10^ 
>IC^f6L. Sf6#^ATCC No. 68723 tU-otz. 

\f.uuvfj7. sp. DNA#"j;^7— eae^^^ 

-4. SkbOBamHI »f>i-0$iMX> FX ^7 UT— tfife 
0$-Fig. 1 4lr^L;t, bp 3 6 3 ICi3tt-5#U tf 

ae^^om^^-fS, sz/. i^tEj^i^u^t^i^^m (bpi s 

3 9-34 2 0) CD— g5^i-5r-&tjeDr]-y;^;X s p. 
DNAJi^U/^— (NEB 7 2 0) ^:J-\^-r^^^ 
W/5:DNAXi7U';t^KE?lJS:Fig. 1 8 iC^f. NEB 
# 7 2 0\tmS&(DifyA^tz<0 1 7 0 0^{4WDNA# 

mm\zmmLrzo • 

[0 19 3] t;n=i-y:^/x s p. DNA#'J;<7— fe* 
Oi;n->©— gp^j-CDE^JS-Si^Lfc (Fig. 18. bpl 
-3 4 2 0) o tfPa-y;t)X s p. DNAjJ^«J;<^— 
ifWE^iJIS, DNARZSm&nU^'n'(0?^-^\Zi5\^^X. 
T. U h^UXDNAjJf'J^^— tflCl^SlClBflJiLTU 

LTM-ihLtz, Smith and Waterman. Advances in Apli 
ed Mathmatics , 2:482 (1981) ) , l^i^^^iZ, ^©fi 

g^ii. mmbfzDNATf^^) ^^-i£(D7s./M^^m 

(tfpn-y:^X s p. (DDNA'HU ^y—ifizm-f^ 
bp3 6 3- 1 8 3 8) l'*3ViT«. 6 9%OffiRt±T:6 

-5 I VS 1 0-gC5)- (eP=l-y;^7X s p. ODNA^J? 
U ^ V^-eiC*tt-5bpl 8 3 9 - 3 4 2 0) {C*3l/iT6 

3%tmmxsb^. ±m.mm (ep=iy:^x sp. © 

DNA7}tiJ^7— tflC^fett-Sbpl -3 6 2. Fig. 1 8, 
RZf. T. U h5UXDNA:}?U tflC45tt-5bpl 
-2 9 0, Fig. 6) «, ^X h^^- <y hyp^/^AICJ; 

[0 19 4] Sa«U'<JHC*5tt-53S<Htt«J:t)ilS*T 
trpn-y:^X s p. DNA^fiUZ-y—ao 
a— x^r >^W$.(D 1 0 1 9<1<07 5 /SEII*iUiT«, 
:i®2aS07}?U^7— Iftt, 8 3%<DS<HttR:;6 8 
%Offiratt^W-r-5 (Fig. 1 9) . fi£l»5U;tJp'JpC^- 
•tf«7 5y*^&tXl VS l^i^J-tHL;?:*^, 
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mmLTi^D. ^mvfz^^'j ^^-'ticDT ^ y^ts (If 

anyttX sp. DNA7t?U;<^— iflli5lt^ a a 
1 -4 9 2) tl8 9%^iHbTt5 0*^^7 8%ffiI^Ta5 
0. I VS 1 (\^unytfX • s p. CODNATP 

U;<^-irlC:fefrt^a a 493-1019) ^178% 

[0195] nmm 1 4 

ii 

T. U h^UXDNA/}^U;<^— ifae^ch. sa^CD 
ffiCOff.f^ttS-aaS&r/T a qCDDNA;0^?)a)DNA/}^U 

l^^. -^^yzfuyhn^y^Jy^miS. (Maniatis, ± 

s p. (-KGB-D) , T. T^T=5-^7. (T.aquati. 
cus ) , 'BlU. %(r>2m^<D\iuuvti7.^. G-1- 
JSI;G-1-H. 75^?>CO^fe^^^DNA^. EcoRI fcL 
<tlBAmHI cOl/i-rnTJf^TBgabfco S/zg^O^DNA 

20¥ficOEcoRI X>K^i7l/Z— tft)L<ti2 0 
^fi^cOBamHI X> Kp? ^ 1/7— tf 6 0 m 1 
aoi XNE/\*:y:7r- (EcoRI X.> U-y— ifO 
yc:ii)CDEcoRI nvyy—. Rlf. BamHI xyH^^^^UT 
— ifOfci6(0BamHI A'^>^ :7 z — + I x B S A) ^fflV^T 
3 7X:-e2SfFBl<>^:i^-M.;to 4S^IECD;t56, 
^SLfcDNA(7)&iS^st(D0. 7 5ug^. h U Xg^K 
EDTA/t^y /'T-TffifllLTV^^ I %COT:tfD-X 

(Maniatis. ±ai) o ^C7)y;i/S:. ^fflT2Oi>r0l, :ft 
{bX^>^»>A (iMg/ml) T^feU. HtC. 

[0 19 6] i^'1f> (Maniatis. ±3!) (^.^OF^^^n 

^ (0. 4 5/zm) ^tr)i^<D^^ X\ZWD. 3 7X:\Zt^ 
l^T2 0 0mlCD6 X S S C (0. 9MCDNaCU 0. 

mLfZo t<Dm. 2 0 0inIO0. 2 5M:»S4^ 

SxKT-rfl^fc'o t(DWi. 2 0 0mI(DO. 5M 

fco tr)U^. 2 0 0mlOlM hUXHCK p 

H7. 5. 3U (Dmiti-hVOA^X^ ^iMiXSO^m 

NA(DS^^, 18XSSC(2. 7M CD:fi{t± h U 
A. 0, 2 Tin <Di7JL>m±hO^L.) . lU (DmmY 

ye-^A^x. 4r(ct5ViTffofcc 6^rai^. -h 

P-tr;UD-X$:^*b. 1XSSC(0. 1 5M C7):K{b 



m^^A^^xmR^m-^'^^ ^co^. muizg^WLrz. 

[0 19 7] T. U h^UXDNA^PU^^-ifDNA 
oy;USSLfc4a3g<7)®rM- (S' 4^U^^— {fP-x 
^ ^i^^M^^S-Tbpl - 1 2 7 4 ; 3 ' 7}f U tfii 
r^f >i7'@S^^*-rbp4 718-5437 ; IVSl 
CO-gP5J^S:«'rbp2 4 4 8 - 2 8 8 2 ; R^/. IVS 2 
CO-gCiJ-Sr^-rbp 3666-4242. 3kb 
cDzEcoRl»r>t. Fig. 6S:i;i5) x^-O^f^^ 

LTiftlttg^^;PLfCo §3 5, Sxil (^^fiT^-Sft 

(DmmDNA<Di 0 Qng^Bm-^itfzmm^p^xs^m 

^■B-feo ^SDNA^:. 5 0 Ml <D^^»4^iC^$n^ 

HSSr^t^) . 1/1 0^«cOdNTPfg'&^. 2 5 /z 
CiCOa32p dCTP. SO^. 5 *{4C0D N A# U >^ 

tf I - ^vj^m¥y^m\^^x3 ixLxxnWi^y^ 

rt^-hUfco :i<DSi;&S:0. 0 1 8M cOEDTATf? 

x;i.^^yy ^x:^5A ('>a.L/'i';^;- T>K>- 

«»yo-yicOliTi[mbfco 1. SkbOEcoRI »rit 
■•/P->^ (bpl - 1 2 7 4) t^2 4 X 1 0 6cmp . 3 ' 
#U>C^-ifyP — :/ (bp4 7 1 8 - 5 4 3 6) tl2 2 
X 1 0^ cmp, IVSl yp — 5 4 X 1 06 cmp . 
mS. I VS 2yp-:/(i4 7 X 1 06 cmp ^jS^L 
fz. 

[0 19 8] )\^^^iv\'Y&mt. UiTtC*-rJ:"5tC* 
frLfc (Maniatis. ±5$) o x h P-fe;i/P— X JP^^ 
5mlcD/\-r:/U K^^S/t^:/ p^y-- (0. 7 5M 
0±fi{b:^hU^A, 0. 15M(DhUX> 1 OmMODED 
TA, 0. l%CDePU>S^^hU'^7A. 0. l%c^^ 
'>U;«S^:M-Ur>A. 0. 2 %(7)'i7'>ifii?i7;i/y^ 
>. 0. 2 %cD>^>r P-Jl/4 0 0. 0. 2%<7)PVP. 
SC;^. 1 0 0 Mg/ffllO^^^-ti-fc^v^B^KDNA) 4" 
5 Ot:t'i5l>T3 O^r^^O^^^-hLfCo 

^x hp-tr;i/p— X y'^;!/^'— 5iDio/\-r:/U 
K?gj5S/\*^;/:7 7- (0. 0 3%c7)^i/jfiitB7>il-:/^ 
>, 0. 0 3 %c7):7^ p-;i/4 0 0, Rr/, 0. 03% 

(DP VP^^l.iTti5fef^fc(0i:[^«) ^^trgiJ><rCDA*^:/ 
^rt^An;to ^E53^^. 22-25x106 cpm (D^ 
SK^#feyp--:/(h. 5 Or-C-^/N^yj KJg^K^ 

[0 19 9] X hP-tr;UP— X7><;1/^ — Sr-tc^/X^^'i/ 
7&^e>^±b. MfC, 0. IxSETWash (15iiiM<7) 
NaCK 3fnM(7) hUXifiS, 0. 2mM(0EDTA, 
0. 1%<7)SDS. 0. l%<7)hrPU>^:^hU'^A, 
0. IM <7)U>^Ay77'-) ^fflV^T. 4 5t: 
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[0 2 0 0] i^«S-Fig. 1 6lC*tfc. Fig. BtCiili 

EcoRITW»fbfcDNA, > 6 - 1 0 «BaiiiHI 
KfL^DNA. > lS.DJ6«tfDr]-y;^j7. sp. 
OG - 1 - J ODNA ; >2Sr/7 titToa 
sp. ©G- 1 -H«DNA : 7-r>3&tX8«T. 'J 
h7'J7.0DNA ; 5-1" >4RC/9titfD=i->';^;?. s 
p. OGB-DODNA : ^-f >5SD^1 0«T. U h 
7'J7.©DNAo A-f :/'J v h*Jgfi£7'n-:/«, &.TiZ 
^•ri*3 0T*-5 : /I- hA, T. U h 7 U 7.DN At}^ 

u ^ ^— eaeT© 5 ' a-x^- >i/mm. bp i - 1 2 

74;/'?-h-B, T. 'J h^UXDNAJj^U tfil 
e^®3' n-T^^- >^/®i«c. bp4 7 1 8-5 4 3 7 ; 
/t-hC. a55i-WnE I VS 2<7):/D — bp3 6 6 6 - 

4 2 4 2 ;A—hD, ^^mU I V S 2 (Dyu-Zf. bp 
2448-2882o /I- K Ci/I- h D©±®SDC-F 

[0 2 0 1] 4^07^0 — :/0liTnfcT a qDN Ate 

XRi;^eDr] -y:^7.DNACD^TtC*3tt'5<^SW/'N'> K 

|J7.DNA#>J;*7— tfwa-x^- >y^«©T = 

LTl^^. T. U h^UXS,C/tfpn-y*X sp. O 

t^. Fig. 6&D^1 8 S'#Bg-ti:J;) , A^-:?. 
iCi3l,iT^f^lC!l(KLTVi-5 (Fig. 19) „ IVSIO 

T. hy^)Xl^U\£aoyti7. s p. 
GB-D<Z)DNAIr?^bT^<A'f yj KJgfigU (1 

5 8 2bpffi^lc-pViT^6 3 %ffil^) , tfn:]-:/ 
*X s p. G- 1 -H(DDNA\ZMVX\im<^^-iy 
Oy]^m^Lrz. lVS2zfa-:/\t, T. Uhv'JX 
DNAirJ*LT(i^:'3l3/N'r:/'J KJgfiEL. d^o. tf 
P3>y;^X s p. G- 1 -H©DNAtC*fLT«il< 
VN-f :/'J -y KJgfiKLAc. 

[0 2 0 2] mmm i 5 

giij^ U^MZipn^SmmP N A/}^ 'J ^ 5— tfCDSiHti; 
T. Uh^'JX. St/. eP3-v*X«cO ImiCOJg^i^ 
1 0 0 Ml ©Sm^S>'^••y7T — 
(4M (DBg^, 0. 12MOh'J7.. 4%CD7':7'J;l'SS 
SE:^hU':7A, 1 0 %0D/3 -^;l';<J7'hXiS'y-;k 2 



o^oyij-fep-jk sy:. 0. 0 0 2%(D:rp^:7x 
y-;uy)i/-) tfirs^jSL. mi;. s^j-FBi^sibXi. 

itS&LAcK^*2 5G5/8<DaWifT»»fbTat40 

T a q DNA^SU ;>t^— t^. ;^1^BG)DN A^J^'J ^ 5- 
•f, Rt;, ePay;^X s p. (GB-D) *^6>«S 
LfcD N Alp U ^ 7— IfOHW® 2 aeilEt LT®^n 
^niO'Ml €:1 0-2 0%<DSDS-PAGEyjHC 
MeKStti5A--7 7r- (0. 1 ^Ov'^'JJl'iSSE 
tM-U'^A, 0. 1 9M Oi/'J->>, SZ/, 0. 02 5 
M <DhU7.mm) ^'TSSffl^-Brfco - hP-feJl'P-T.^ 

(4 5uni ) ^±m7ifpi,z5^mmv. ^(d 

^. e^A-y^T-- (0. 1 5%®XiS'y-;U7S>, 
2 OmMOyj -SO^, 2 0%CD^5'/-Jl/) t^JdS 
O^i-FBl^L-ySio ^rjUiOSSKSre^A-y 7 7- (Towb 
in. et al.. PNAS (1979) 76: 4350 -4354) 4^1?. x 
hP-tr;!/P-X7>f )l/^'-±(r«^igtt5$-B-;t (3 0# 

)Vh. 4'CT-«&) , 
[0 2 0 3] X hP-tr;i'P-7.^^*t, #-)l'^>T 

B]$:#tt, TBSTT ( 2 OmM© h U X, 1 5 OmM<D:te 

^i-hU-^A. 0. 2%©Twe e n 2 0. RUJ, 0. 
05%(DTritonX-100) ^-QS^m^^L 

-^-->3>tt) ^-vs o^mmmL, sxs^tstb 

STTP^-C^T^Lfzo *x-T. 'J K5UXDNA;}tU;* 
^— tftn;jfiLf»€rgC^>W!C*Si3Lfe^^CDDNA#'J ^ 5 
-- brSI83^tC*fLTfPB£t:rCo T. 'Jh5UXDNA/p 

u^7— tf»sjfii«*. mnLfz^mmmo'yjLT.'S'y 
yoy hmh-±iziii-^^m^{i^mm-r^mmmizj^*) 

MMLfz (Beall et al.. J. Immunological Methods 8 

6:217 -233 (1983) ) , m^\t^mmLxmmLfzPi 

-T. 'J h7'JXDNA7}^U^7— tfVj/Xfitfti: (V 7 

6- 2 + 3) RU:. ^ry^^P-^jU^cta-Taq^'J;* 

7— tta^: (TBSTT^^lCiSV^Tl : 10 0tC^&»?U 
fcfcO) 5r. #x hP-fe;i'P-7.7^')U3'-lr*fLTSiJ 

■if\z. ^wzid\i^x smm^liaLfz. ^ov^—^ 

TBSTTT3x3^)-}^aj^L. ^O^. 7)ltl^)y^X 
yr^—^ (yp/^/tt) <h«^{k$ii-^c*i--7-^7X2 
;*:Stf*:<^)l : 7 5 0 Om«?#lt. TBSTT4'T-. *S 

)V^-^. iSigTC (:7P;>t;</tt) {c<t^ft^t*^ 
NBT/BC rPTMML;^,, T a q P-:^;l/Sr 
^fflbfci^^^Fig. 1 7{3^U;fc. Fig. 1 7tt. i^lOtt 
*ffJfflLT:|SSLfctr[-T. 'J H^UXDNAd^'J;*^ 
-- fefta^: (A-hA) . RZ/. *x-T a q DNA7}?U ^ 
y—\i=^y^u-^)V^W (A-hB) iSJCS-ti-fc. 
T. U h^'JX (V) . eP=i>7;^X s p. G - 1 - 
J (J) . mS. tfP:3-y*X sp. G-l-H 

(H) i)^^ff)^mmmmmm. yfiunytu. 
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s p. GB-D (DV) . T. T^rj-^^T. 
(T) . t)b<«. -kmm (E) j5^?,©tti3Dfc#'J;< 
7— fe'5iO'i7X7.^>:/P-y hT*-5. %mt. T. U 
K^'JXSt/^hTDa-y^X s p. DNA#U;<7— 

Tl,bn-5<J:^»C, DNA5l?'J^7— fe*lrM-r^t)©T 
[0 2 0 4] TaqDNA3}?U><^— tr*lC^L.T#S6<J 

[0 2 0 5] L*^L>ft75i5>, T. 'Jh^UXRZ/SaS 
OtfPa-7;f3X^>6^e)(D. 9 0-9 5, 0 0 05'Jl'h> 

Ufctni-T. 'J h5'JXDNA#'J;*^— tr'tri^^tSit:: 
Lfco CtltJ. T. 'J h^'JXat/tfnzi s 
p. GB-D(DDNA4?'J^7— tfora®i§a75:!S<!att 

(Fig. 19). 

[0 2 0 6] Fig. 1 m^AT. U h^UX^Sli^ 

p. DNA^j^'j^^-- t'oaj^j'WE^'jojtfeT'^'S. tr 

©?iJ{ctB«b, U h7'JXDNAJ}^U^7- 

|WH4€rSit:^j:*^{cJ;0*L, 1 :pfeb< tt2 

[0 2 0 7] |ISg««J 1 6 

sw*aH»75^ ^mtfeA.^^^ttD N A# u ^ ^— 

l^^iplC, iit-TaqDNATt^U^^— fcffcKtt^t 
-T. U h^'JXDNA^U y ^— 

ffiMb^cd?u^7— tf (*ttsa<D7j^'j/^— tf^gjKfo 

^a!75tfiM-r-57!)i<5efflt--5^^:;^>^T€r^) C0'^XX5'> 

<«PoI I ^0-ftT*SA>t'5*^&^S^WlcftS-r 
-5-:i<h$-ISi^.5 (Fig. 17), MbVijJ^U ;< 7— t^Ti^ 
T a q U ^< ^-if ^ y p-^jUiSJC-r-a*^ 
T. U h^'JXDNA#U;^^— tf*^^)f^S!^n 

^ca«^<^fflLT«. ©e.<ffimicfi'?-n<&!!7p->'fb 

T-enSri7P->'(bTSC:i:A<-C#.S«-r-eS'S, «iL 
T, ^^COgP^TfeSDNA^DXA'f :/U KJgfiE'^a 



[0 2 0 8] S@:/P-yiDNAi:©/\-i'yu y Kig 

*^*-5o l^^l;. T. 'J h^'JXT'P-yjrJ^LTyS'f 
-y K}gfi£L*^-3giLti#'J 7— if^^^J-a- KT 

[0 2 0 9] yP--^jSJ?«. T. Uh^UXDNAT}^ 

•J ^— eaeTcq-y-'f xmsmmz'm^x.xmyit^ 

t2«-rSct3;feiii^W!a-t^if>^P'y h^fr^ctliJ; 

l:^±l'B6*-r-5>-/P-:/^il*?LT, STbl^-SaaMD 
NA/J^'J;*^— tfaeTrtO I VSCOSFffiSrSgsg-r-SC 
t75iT*S*\ yp-ytSfiS;^b;t4?U^5 
-If zi -X ^' >yM«l3EE^$nTVi -5 pItgttTji* 
T'P-yt LT^^;5:T. 'J H^'JXDNA3i?'J^7- 

■tfae^ srfiSffl-r -5 c: i <Ji^^ms'm\t>'^^ 

^ffl-r'5;i<b®fiL^[{c«, (1) -eti?.*^ 7if»j^7- 
•tf(i*fLT^P7.A-i':/U -y KJgfi£^J;0 b-^-rv^c: 

SD^, (2) yp-y75iT. 'J h^UXDNA^i^'J 
^ 5-ifae^^0T^ ySt;:^JU#^->*«^(C^Ac75i-5 

T, fTLVi*-iM»*^^ODNA^MSb. T. 'Jh5'J 
XDNA^'J if^P-l/tC^LT/N-f :/'J >y KJg 

I'i. »S L < P t. L < «-ti-t,iif I/i 2 -PCD^N'^ K ^m. 

I VSH::3liT©H^S-{K^LT) , ^-SV^tt. 
ia{M i L T 4 KB ±0 -5 <7) <&it^t- -5 H <h IC J: 0 Si^ 

[0 2 10] MSA-f :/U >y KJBBK^ftfi. 

*g^W(c*^T-5, V YY&mt. 5 onciDii 

T, 4XSET, 0. IM 0'J>gf±K'J':7A, pH 
7, 0. l%(DlfDU>g5:J-NU'i7A. 0. 1%©SD 

yj -y HJgfiE^ft^tjS^TS'S (Maniatis) . gferf* 
3 7 - 5 5t:$T^{kL, 3X3 0^^. 0. IX 
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SETifej^J^ (1 SmMONaC I , 3 niMW h U XiKS. 
0. 2inMC0EDTA, 0. l%OSDS. 0. 1 %©e 
aU>m.i-hV't;A. RZf, 0. ImMCDU >K-'N*-y7T 

-) ^^fflii-s^t, e:M(Di&m^^AT^^f¥'^mm'r^z. 

x.*-5)i7DXA-f y u h*Jgfieo*-5gS®U'<.'l'€r« 

n^A-fT/'j •> h'jgEKixfcya-^otH^^tegr^o 

<gS?^gtc43l.iT7'P-yfC*tbTA-1' :/'J 
*fc L < tti^*CDi^»..®A'> h*;<)i^&^<i: Uxyn-yjc^t 

n 5> cin*^ ^ i3 1 iTfiiffl -r ^ ^ ^fr T * -5 . 
A*> ]^tmmt LTA-r >y i^m^sir^mhmpsmo 

[0 2 1 1] E;*c;»ST. U h5'J7.DNA4?U^7-if 

^i£^i4tt, T. u h^'jxDNAJj^'j^^-- tfae 

^ (7 5y**S3, IVSl, I VS 2, Rtf. 

Fig. 1 5RC;i 6) ®fil^fiffi«(Cj£7)t^^^ 

-5, 

[0 2 12] mmummt<^r^-iy^*j-^ifmL. 

sir. Sii{k^i±;tyD-^tA-f >^"J 
liT-?-®i/D->Sr5^x-y^-rs. iit-T. Uh^UZ 



[0 2 1 3] *%§«{ZiJtiTS>tr«, T. Uh^UXR 

zf\dauyt)7. sp. dnatj^o ^7— tfae^^wp 

iMKDN A:!^ U ;< 7— ^^jleT*i«#^nT^»^^5^- 
7 1^ IC *5 1 ^ T ■< > h □ > #-r -5 d <»: *tT- # -5 i ^jH 

-So c:ne)Wi'> hD>(i2o©:^teicfcViTii^-r-5 

Sr. T. 'J>^UXRt;:tfn3>;/:^jX s p. ©DNA 

^— tae^^w-f > h □ >E^jiis*-r -5 d n a 

BDN A7j^ U ^— IfaeTOE^iJSrD N A U^JHriJ 
I^^TS^^L. Kir, ^0E?iJ$r, (l)lilODNA/t?U 

}^y—^tit^Lr$mmm6^^m^L. (2) 

nXt^S^^^-^tlttlfLT^^ I -V I <Do*>(0^tE 

o::^ft(DrtcDl|-:375^«, t. U H^UxdnajI^'J^^ 
— tfae^*^^© I vs istxi vs 2co^*{cK-r-5 

[0 2 1 4] ««[J©7-f y7'J-Xi7 u-->>/*t. e 
tt;^«i^^ttD N A # U ^ 7 — t^^^)5£-r -5 ^> n - > 
m±Lf£\f^Ai, (1) DNAl/"^;KC*ttSi'OX/N'f 
■r^Jyl^miS.. (.2) tni^l-^MZii^^^^Km^, 
RZ^. (3) DNAE?iJ=t)U<«S5i^t>S:7 = ySEffi^iJ 
l/^JHZt3tt-5<lllCDDNA;}?tJ tiWSiKji. 
cfc K) ^^^tl^^^ffium^'f-^ a->^^Mt LX± 

izmiR-r^^^mmmm^m^-r^, ^ 2 ^-r u - 

NA#'j;<7-ifStt(cotiT^x'yi'-r-S= ::®^2 
lUB icistiXett/Sia^^ttD N A7p ij ^ 7— ifd^e^ai 
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stXD NAm¥m-&\z^ 0 X i7 ij - - > -r -5 C i 

L. T-e « i7 □ - >'f|: L ;t ^ nfcfe ® T * -5 

[0 2 15] 5feCDXi"J-:::>y2£y^HXi"J-r:>i/ 
;a:t)®T«tl/iC:i:*i*-r)TJ:Ui, DNA 

■a:^«^{3#l^l:W«l:ib-S> I VS 2(Dj;pn£:rt-fiE?iJ 

n^, 2S.^iET<D-y-tf hSrTt^'j ^7— tf®a 
yifmi$.\zi&&i-r^mmu i v s ©{iB^ 

7 — tf « T 5 / * ^ * atJ S IC i3 V i T 12 « $ tl T I i ^ ^ 
T. U h^-UT. I VS 2E?nj©J;-5^c^S;^cS^®^^ 
NAffi^JStSlc J: 0 I V s (rtsv^T^x i7-r^ iT^i 

[01] Fig. 1A«, nigral OS DS-/}?'JTi7ij;i/ 
[0 2] Fig. 1B«. Fig. 1 A\Ziii-f^y)U<Dy^ >2 

[03] Fig. 2«. /N*d77^'J:t77-vNEB 6 1 9© 
BamHI »f>T-rt»C^^(c:^*ni>T. Uh^'JXDNAd^ 



[04] Fig. 3 ARt;Tig. 3 B«. -^tl^'tl, ^BRU 

i&^xT. ') \-^>jxDKA0^mm^^r^^yx'$) 
^. 

[0 5] Fig. 3 ARDTig. 3 B«, -?-n^tl. ^^RC^ 
ffi&^T. U hyVXD^A(D^mm^^-rCfyyX'$> 

[06]Fig.4«. T. 'J h7'JXDNA#'J;>c^— tf 

[0 7] Fig. 5«. ?c^ODNA (NEB 6 1 9 (DBaniH 
I mW) SZ/;*CJ»MN E B 6 7 1 tNEB6 8 7 lC*5^t 
■5T. U h^'JXDNA7}?U>t^— t*ite^^O^*:^lJ^&^ 
■r*!llSgi5fiC«!l0-Cfe^. 

[08] Fig. 1 . 3kb. 1. 6kb, RCX. 1. 9 

kbOEcoRI »r>T-, St/^. EcoRI/BamHI ©ffrO-gC^lr-a 
tS. A'i75^U:t7r — vNEB 6 1 90 1 4kb©BamHI 

[0 9] Fig. 6«. 1. 3kb. 1. 6kb. RZf. 1. 9 
kbcOEcoRI SfM". RU. EcoRI/BamHI m^O)-^^"^ 
tJ. A'^5=-'J:^^7t — vNEB 6 1 90 1 4kb0BamHI 

[01O]Fig. 6«. 1. 3kb. 1. 6kb. RO^, 1. 
9kbCDEcoRI IS^Yx. RZf. EcoRI/BamHI SrfrO— 
tS. A*i7xiJ:^77' — vNEB 6 1 90 1 4kbC0BaniHI 

[01 1] Fig. 6 (i. 1. 3kb. 1. 6kb. Sr/, 1. 
9kb<DEcoRI Sfn", RXS. EcoRI/BamHI »f)tO-aBS:^ 
tr. A'i7 5^'J;r7r — v'NEB 6 1 9® 1 4kb(DBamHI 

[01 2] Fig. 6 1. 3kb. 1. 6kb, St^, 1. 
9kbC0EcoRI W^W. RXS. EcoRI/BamHI ^W<D—^^^ 
tS. A'i75^iJ;f7r — v'NEB 6 1 90 1 4kb©BamHI 

[01 3] Fig. 7tt. DNA4^U^5-1fOrt®ffl[^S 

W. \ I nriJtt^TsygEtT. u h^'jxoffii^sf I 

[014] '<i7i5'-pPR969Oi5i?^0T*^. 
[01 5] '<i7^-pCAS4O|Ji§q0T*^. 

[016] '^^^3'— V174-1B1 <nmmw^$>^. 
[017] Fig. 1 1«. ma^ms.^' t^^s' 

Tf^MLfcT. 'J h5UXDNA5}?U^^— tf^S<*:* 

[018] Fig. 1 2tt. |liSfi>9 I I I iCiJliTffiffl^n 

[019] Fig. 1 3Att. EcoRI (^OS) . BamHI 
(7'f>4) , Hindlll (7-f>5) TWKrL/itfDZi 
s p. DNAO. ^^X.^i?^ J^Xyk^X^tzT 
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~tl—tVX(D. HindIIIT-^»rL/tADNATfeO, 
7-f >2«. LTOpBI322Tfe-5. Fig. 1 3 

Bit. Fig. 1 3 Aizm-f^m—^r'JKD. "tJ-tf WW :/U 

32p_DNAyD-y«, T. Uh7'J7,DNA 
/J^'J;*^— tf®7Sy*SgC^i'5r:3-K-r^. 1. 3kb 
©EcoRI miii}^'bmmi^rzo BamHI T-W»fUfct'D=i-y 
tJX s p. DNAj&i-eK)7'P-yT««]4 - 5kba)*— 
:^A>h'*4l;^:l<i:lIttB■e■J;o Hindiii x-mmiyrz 

KpBR322*ifig^L.;'t*$*lTVi^i:li5*ll(i. -fa-y 

[02 0] Fig. 1 :;*:MB2 270 (NEB#72 

0) ©pUC19 ^7X5 HF»9®eD=l>7;^:^ s p. DN 
A#U^^— tf^^tfae^Sr-^tr. 4. SkbCDBamHI 

[02 1] Fig. 1 5\t. m<Dmm^mm\z'o\,^xcDDN 
Acomi^im^^m-r^tztbizmmLfz^u-zr^mmb 

[02 2] Fig. 1 6«, T. >J h5U7.S:t;tfPa-vA 
X s p. «DNA(::*fL.T7'p-:/;5V\-f :/U-7 KJg 
fi£-r-5)*i, T. Ti77^^ i'X<DDNA\ZMLX\t/\-i 

TI2eLfc4a^IE©-9-tf>yD-> h(D:t-b^-y:t^ 

[02 3] Fig. 1 6«. T. U h^UXRCJCtfnP-y* 
X s p. ®DNAtr*fLT7'P-:/;!)V\-1'yj-;/ KJ^ 

[05] 




0 2 4 6 8 to 12 
1»H (i) 



Fig. 3B 



T. 7i7 7f-'{ i7X<DDNAtZMLX\tJ\-i 
TlB«Lfc4a«IIEO-!t-tf>:/P-y h^v^^y 

[02 4] Fig. 1 7«, m^{t^nmLxmmLrzm- 

'XmDNATi^tJ (A-hA) . hL<\i. 

tn[-TaqDNA7}fU>^^— ttri<* (/t-hB) t!S.m 
■^■^fz, T. Uh^UX (V) , s p. 

G-I-J (J) . hfPa-y*X s p. G-I-H 
(H) *^60*«§3^MjS, epa-v;?7Xs 
p. GB-D (DV) . T. 7^7'T^^7. (T) . fc 
L<tt, ;*:»»■(£) *^^®MiSL;t#U ircO":? 

T.' U K^iJXRy^lfpri-y^X sp. ©DNA4?U 

HA-;; 'P^v'^y h'®SeKI'J*-r-5 0 . A- 
h A IC i3 1 i T ^ $ n -5 i ;^ D N A # ' J >^ 7 -■ fef I C « -r 

[02 5] Fig. 1 8«. sp. DNA^ 

'J >^ K-r^jie^WgC^i'Wl^iDNAp? i7 U 

[02 6] Fig. 1 8«, tfPD-y*X s p. DNAyJ? 

•J ;^ 7— t*^a- K-r^ae^wgB^i-wj'iDNA^i/ u 

[02 7] Fig. 1 9«, T. U h5'JXDNA4^'J^^ 
—• iflcM-r^tfPa-v;^'X sp. WDNA3}?«J — 

[02 8] Fig. 1 9«, T. U h7UXDNA4^U>^5 
—- tflc^*T-5eP3-;/:^X sp. 0DNA;}?'J^^— 

[01 4] 
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^^^^^-^ ^co^^ 

XTTATTI^ 

«x:ix::ATnT. ost^gcatooc a«.3«nTc o«cmi«x; gggouvaata aqc^o^tc 
CAcci^ -Ks^^mm: G«mm=^ mxcmcc o^canrT^T cio^tagac;, 

osnrnvTCA xt.;u.a^ gamtix^ ;«3GGa^T.AAT^Tr ;«i^.cca; 

3™^GA^^ GGOCRGAGIA AICACATGGA ;UVAATA-KSA TITCGajTAT 

fllXJTOATAAT AACnACAOT GGGGftCAATT TTGATITCCC GnVTCIt^^HV AAACGGGCftG 
WVAftGCTGSG iUJITOGGCrr OTCmGCSRA GGGRCAAMA ACTmXXDGAA OCCAAGATTC 
MSCGATGGG TGRlT^CTITr GCTSKWAAA TCRAGQTEAG RATCaVCTIT GATXimna: 
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CACTTOTGOG 

AACSAAAGCTVr 
TOGGGAAGGA 
GGGAOGTCTC 
AOGCGAGGAA 
GAACAACTTA 

ATACOCITGA 
TCIGCAAGG3V 

M3VGGCAAAG 
TAATiUAAAA 
AAAAflCAGAA 
TnTTGCJVTT 
TCATRAGACA 
TTAACATAAC 
CTGGAGATGG 
AAAAAGGGGT 
COGSsOM'itj'r 



AM(3VOGMA AMCroOCAA OOTmvCGCT TCAGGCAGIT •HXTCAAGCAC 
AAOOVAAAGC AAATTAGGAG CAGAGGAAAT TCCCGCnVTO TCGG;VAAC7NG 
GOX^UnT^CT CAATCGAAGA TCCTAGGGCA ACCTATCAGC 
ATICTrOCOC ATOGAAGCTG AGCTGGCAAA GCTCAITVGCT CAAAGIXJI7VT 
GAGATCAAGC AOOGGCAAOC TOCTQGACTG GTATCrnTA AGGGTOGCAT 
'TCAACITGCA OCGAACAAAC CTCMGAGGA AGACTATTU^ CGGOGCTTAA 
OCTCGGAGGA TATCTTUIAAG AGOCAGAAAA AGCTITCTCG GAAAATOTCA 

CTTOOGCACT crcrAoocrr caataatact toctcacaac geatocxxiag 

AAAAGAGGGC TCI7VAGAAXT ACGATOITCC TCOGATOCTm GGAI7VT7^GC7^ 
CTITODGGGC TITATrXOT: CXZATRCT^ GGACTTAATr GC3WTCAGGC 
G^AGAAAATC AAATOCACAA TTGAOOCGAT CGAAAAGAAA ATCCICGATT 
GGCTAITAAA ITGCITGCAA ACAGGATCTr ACCXAACGAG TCGTITVCCAA 
TtSGAGAAAXA AAATTOCTGA AAATTGGCGA GTITKmAAC TCITRCATCG 
GGAAAAOCTT AAAAGAOTT^G AGAATACTGA ACTTCTCGAA CTAAACAACC. 
CTCMTCAAC AAAAAAATCA AAGAAAGTGA AGICAAAAAA CTtlAAAGCCC 
TAACTATAAA GGGAAAGCTT ATCAGATTCA GCirAGCICT GCmCAAAAA 
TCCTGGOCAT ACTCTGTIXA CAGITAX3AAA TGGAGAAATA AAGGAACTIT 
GA1TJ\AAGAA GCTGAOCTTA TICTAGCAaC AAAGAAAATT AAACTCAATG 
AAGCATAAAC ATTOOOGAGT TAATCICAGA TCrrTCOGAG GAAGAAACAG 
GATGACGATT TCAGCCAAGG GCAGAAAGAA CTTCrTTAAA GGAATXSCTGA 
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[011] 



Aronncic 

ATCTTACTCSV 
AAAAAAIOGG 
CGCTCATATG 
TAAAATTCPG 
GTTGGGGAGA 

AAGGGGftCrr 
AOGAAAAAGG 
A03C3VTTICT 
CAG7\GATC7\G 
OGAITCrrTQG 
TITCraCTGG 
GGATTVGGCTT 
GGCTAAAAAG 



AACrCTGGAC 

QGAATVGACTA 

GTATEATCrr 
ACXXPCTAAAA 

AAXntZAAM 

TIT7\AT0GAG 
GAAOSVCXATA 



AIAAGGC3^AA 

GAIX3VOGGu\A 
AGAATGITCX: 
CICATAGGCT 

GGACTTTCAA 
ACrrATGGAG 
GC3VAAGAGCC 

rrrrcAGcrG 

ATTCATGCTG 
TCAATATITG 

GATrrTCGcr 



G^^riTAAGGT TCTITATCMG GftCACrxnCT 
^^t^^AAAGAT TAGMTTOTC AAAM7UVAGG 
^»^^^AAAAGA ATACTQCAIT CICGAAGCms 
^^^^^^'TTOTCTG GAAGOOCCTC OaTTAaTTCA 
GCATCTOGCT GAOOVACAGC TCOTMTMT^G 
^^^^CTAAACAC CTCAAAAAOG AAAACTOOCA 
^^^^OCTTITGA ArraCGCAAA GCJVCTAAAAT 
A:^^G^«3Um\C CAAAACTRGC GAAATAGOXG 
^[^^^^GAGATCG AAACTGGGGT GGAGATIXnt: 
CW3GCAAAGft TGCAGAAGAG ATTVJWQCAAA 
■^^AA^^^CKaAA CTMTROOZA AAAAAOG7VGA 
^'^'I'^^^^^AACTr ITO^GAAAfiGG OVCTITAAGG 
^f^^^^^n^VTCA GCrrOCSSGIT ACn7VCAT7« 
A^I^QGTACTGT AACI A I UA GG AAGGCTCTTC 
i\t-'i'rjxn3\;\G GGTUNCTTAAGG AAGCTTCTOT 
C'rcaGACrAC TCCRAATC3GC TRC7\ATCGTX3 
OGftTCAAAAA TAACTSGOGT TTTCCKAAA 
^^'^^^GTNCnTr ;\GAAC7VITI7V iWVTCTVGCGA 
Tr^^ATCOTCr GCATOTX3AAA AAAGTCGAAG 
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[012] 



C3\AACAACAT 
CTGAACTCM' 

GcrarccAGT 

GAGAITGGAG 
MGGAAGTCT 

AC7\AAGC!C?\T 
TCAAACOGGG 
GGGTAATnT 
TAG3VAAACX3^ 
ACSGATTEAAG 
TCItTTTGCIT 

CITGAGCrCT 

oocrrciTCTG 

TATCTLTIXX: 
GTOGATTATA 
TOOCAOGGCA 
GGGAGTTCTT 



CGft£3GGnC*mC 
OCTGCTT^C 
TAAAAAGAAA 

CM7SGATGAA 

TGAAAAAGCT 
ACTTGAAAAG 
TGGCCCrCAT 
CACAATAATA 
ACITAOVGAA 
ACTTITGOOG 
GTTVTCAAAGC 
TITACTTCCAA 
TCATTCACrA 
TTOCAGTCTC 
CTAAGCCTCT 
TCTGGAAACG 
ACTGOCITCT 
TTCTOCCCAA 
GGGMCC 



GITIATCACA 
AAIACTOAOG 
GCCMGGAAT 
<3AGGGCmT 
GAGGGCAGGA 
AAQGAGACTC 
GTAGAAGTTG 
CTTCITATOC 
CTOE3CGATAG 
AGCTAXTVrCG 
T7«3ATCCIA 
GCAGTACTTA 
TC7VAAACAAA 
CTTICTOOGC 
TTAAGITiGTC 
TGGOCTCAAA 
CGaA ixji ' i ' iT 

CAlX-Ti'JLAAA 

ACTTcrrrAG 

GCrCCTGCCT 



'CI^SAACrOS^ AGAGAOGCAT 
GCrrTTATGC CACAATACCX: 
TOCTAAACTA CATAAACTCC 
ACTIUAGAGG ATTCITrGIT 
■I^AACSU^CAAG GGGCTTGGAA 
AGGCAAAGCT nTAGAGGCT 
'n3\GAGATCT TCTAGAGAAA 
ATCAGCAGAT TACCAGGGAT 
CAAAAAGACT TG0CXX3\AGA 
"ITCT^CAAAGG GAGOGGAAAG 
GAAAACACAA CrACGATCOG 
<3G7\TACrCGA AGOTnTGGA 
OCGCXnTAGA TGCAIGGCTC 
GAGTCTCTCr ATCTCTCTrT 
OGOC3\AAGOC ATAACGCTTC 

TicAciocAT cnrrrrcGAT 

TCrrGGCGAA GACTGrrAGAG 
OGTCTGAArr IGATCTTAGAG 
TTVGITCnTT ACCITTGGGA 
AAGCTGAATG CTCACACIGT 



AGGircnTG 
<5GGGAAAAGC 
AAACTTOCAG 
ACAAAAAAGC 
GTTVGTTVflGGA 
ATACTI7\AAG 
ATAGCAAAAT 
TITXAAGGACT 
GGGATAJVAAG 
ATAAGOGATA 
GACTACTTVCT^ 
TACAGAAAGG 
AAGAGGTAGC 
TGTATICTGC 
C7VATTOCAAA 
OGTOGCITCr 
CTATGATGAT 
AOCTCACTOC 
TOGTITVVrrT 
TCATTSCCTTC 
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[02 6] 



TTGAATTTAATGCTGTCCGGGACGTTATCTCACTAATGCCAGAGGAAGAA 
CTGAAGGAATGGCGTATTGGAACTAGAAATGGATTCAGAATGGGTACGTT 
CGTAGATA1TGATGAAGATTTTGCCAAGCTTCTTGGCTACTATGTGAGCG 
AGGGAAGTGCGAGGAAGTGGAAGAATCAAACTGGAGGTTGGAGTTACACT 
GTGAGATTGTACAACGAGAACGATGAAGTTCTTGACGACATGGAACACTT 
AGCCAAGAAGTTTTTTGGGAAAGTCAAACGTGGAAAGAACTATGTTGAGA 
TACCAAAGAAAATGGCTTATATCATCTTTGAGAGCCTTTGTGGGACTTTG 
GCAGAAAACAAAAGGGTTCCTGAGGTAATCTTTACGTCAXCAAAGGGCGT 
TAGATGGGCCTTCCTTGAGGGTTATTTCATCGGCGATGGCGATGTTCACC 
CAAGCAAGAGGGTTCGCCTATCAACGAAGAGCGAGCTTTTAGTAAATGGC 
CTTGTTCTCCTACTTAACTCCCTTGGAGTATCTGCCATTAAGCTTGGATA 
CGATAGCGGAGTCTACAGGGTTTATGTAAACGAGGAACTTAAGTTTACGG 
AATACAGAAAGAAAAAGAATGTATATCACTCTCACA1TGTTCCAAAGGAT 
ATTCTCAAAGAAACTTTTGGTAAGGTCTTCCAGAAAAATATAAGTTACAA 
GAAATTTAGAGAGCTTGTAGAAAATGGAAAACTTGACAGGGAGAAAGCCA 
AACGCATTGAGTGGTTACTTAACGGAGATATAGTCCTAGATAGAGTCGTA 
GAGATTAAGAGAGAGTACTATGATGGTTACGTTTACGATCTAAGTGTCGA 
TGAAGATGAGAATTTCCTTG 
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Jlff^^I^^^^^^^^^^^^^^^^A^G^CCTTCCACCACCGCCACCGAG 

??^??SG??SSJf^I^J''*'''''^"^^^^^-^^^^^'^^^<=CTGCTCAA 

JIJS?^?^^JJ^^J^^'^^"^^^'=^"^^^"TAGCGTAAATTATT 

?????JJI^^J^^^^^^^'^^°*^^^T^^^'^^'=^TCACCGAGGATGGGAA 

^E^^-^TI^T^^^^TTTTCAAGAAAGAAPJ^CGGCGAGTTTAAGGTTGAGT : 

JAGA^?GJ?^A??JJf??f^J^^^^^^^^^"^^^^^^^=^?Glc^^ 

rSJI^St^^^^^^^^^^^^^^^^'^^^CCAGAGGCATGGGAAGATAGT 

^JGJSG^J^SrJJJSS^^^^^^-^^CAAGTTCCTGGGGAGGaCGA 

ISSS?JJ?ASJ???JfJ^^^'"^^'=^^^^^^^^«^^CGTTCCCGCAATA 

^^SS^I^^^^^^^^'^^^^^'^CCGCAGTTATTGACATCTTTGAGTACGA 

CATTCCGTTCGCGAAGAGGTACCTAATAGACAAAGGCCTAATTCCAATGG- 

S?fS^^^^?^^^^'^^^^^^'^^^^^^<^CCATTATAJVTGATAAGCTATGC 
TGATGAGGAAGAAGCCAAAGTCATAACGTGGAAAAAGATCGATCTCCCGT 
?^?I^?J?rJt^TTT^^^^^^^^'^°^^^°^'^°'^'^A'^GCGGTTCCTCAAG 
SS?J^^SS^^^^^'^^^^°^'r<2^'^^^^-^TTACCTACAACGGCGATTC 
ZFZ^^JJ^J^f^TATCTAGTTAAGAGGGCCGAAAAGCTCGGGATAAAGC 
TACCCCTGGGAAGGGACGGTAGTGAGCCAAAGATGCAGAGGCITGGGGAT 

^^JTf'^^^^^^^^T^^CCTCCCAACATACACCCTCGAGGCAGTTTATG 
^f^^^^^I^SS^^'^^^^^^^^^^^TTTACGCTCACGAGATAGCT 
GSASGA?r??^f?^^?^'^^^'^^^^°^^^^^^^^TGCAAAGTATTCAAT 
fJJ^^^J^^^^'STAACGTACGAGCTCGGTAGGGAGTTCTTCCCAATGG ! 
?r?Sr^A^$JJJ^^^°^'^*^^^'^'='=^-^^^^^^TGTGGGATGTTTCTAGG ! 
TCTTCAACTGGCAACTTGGTGGAGTGGTACCTCCTCAGGAJiiGGCCTACGA ' 
GS??JJ??rJJI5^^I5^'^'^'^'^^'=^^^'^°^^^^<^*=AGTACGAGAGAA 
^5"J;^^?J^^^$CTACGCTGGGGGATACGTTAAGGAGCCGGAGAAAGGG 
CTCTGGGAGGGGTTAGTTTCCCTAGATTTCAGGAGCCTGTACCCCTCGAT 

^J^^^^'^^^^^^^^tctcaccggatacgctgaacagJgaagggtg?! 




A^TAAAAAGGAAGATGAAAGCTTCTAAAGACCCAATCCAGA^.GAAGATGC 

ttgattacaggcaacgggcaatcaaaatcctggcaaa.cagcattttaccg 

GAAGAATGGGTTCCACTAATTAAAAACGGTAAAGTTAAGATATTCCGCAT 

I^^^^^^JZ^S'^^^^^^^^^t^^^^aaggcgaaccaaggaaaagtgaaga 

???rfrf^o^T™^^'^^^^'^^^^^^TGCAGGAATTCATGCGTTTTCC 

tttgacaggaagtccaa.gaaggcccgtgtaatggcagtgaaagccgtgat 

AAGACACCGTTATTCCGGAAATGTTTATAGAATAGTCTTA.aACTCTGGTA 
^Jf^^Ifif^^^J^CAGAAGGGCATAGCCTATTTGTCTATAGGAACGGG 
GATCTCGTTGAGGCAACTGGGGAGGATGTCAJVAATTGGGGATCTTCTTGC 
AGTTCCAAGATCAGTAAACCTACCAGAGAAJVAGGGAACGCTTGAATATTG 
TTGAACTTCTTCTGAATCTCTCACCGGAAGAGACAGAAGATATAATACTT 
ACGATTCCAGTTAAAGGCAGAAAGA.^CTTCTTCAAGGGAATGTTGAGAAC 
ATTACGTTGGATTTTTGGTGAGGAAAAGAGAGTAAGGACAGCGAGCCGCT 
ATCTAAGACACCTTGAAAATCTCGGATACATAAGGTTGAGGAAAATTGGA 
TACGACATCATTGATAAGGAGGGGCTTGAGAAATATAGAACGTTGTACGA 
GAAACTTGTTGATGTTGTCCGCTATAATGGCAACAAGAGAGAGTATTTAG 



Fig. 18 
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10^61100*T(DT. iJh5U XC^^T- v\z7^r^ 

I 6 1 0 1 9 ^ TO f n n i??"^ 'SI zf'fVoD ^'x h V a ^ V 

1 MILDADrrTEDGKPriRIFKKEKGErKVEVDRNrRPYIYALLKDDSQXOE 50 

M 1 K [ t I I . I I [ M I I I I I I N M M : i . i . : I . I I I I 1 [ f J I I I . I : ) 
1 MILDTDriTKDGKPIIRirKKErKjEfKIELDPHFQPrirALLKDDSAIEE 50 

3L VRKITAXRHGKIVRIIDAEKVRKKFLGRPIEWmXrYFEHPQDVPAIRDKI 100 

" r • : M I J I , I 1 : : I I n M 1 ( M I . : M I : I . I N I I f I I I : I : I I 
5 L IKAIKGERHGKT VRVLDAVKVRKKFLGREVEVWKL irSHPQDVP AMRGKX 2 0 0 
• 

101 REHSAVIDirEYDIPFAKRYLIDKGLIPMEGDEELKLLAFDIETLYHEGE 150 

' ^ I ! - N : I I : I I I I I I I I I I N M I i I I M I M I I 1 I I I [ ] I M : I I I I : 
101 RSHPAWDIYEYDrPFAKRYLIDKGLlPMEGDEELKLLAFDIETFYHEGD 150 

151 EFAKGPIIMXSYADEEEAKVITVTKKIDLPYVEWSSEREMIKRFLKVrRE 200 
N : M . 1 M M I M [ 1 I I : M I f ) . I I I I M : I M . ! I M 1 t n : . I : : t 

151 EFGKGEIIMISYADEEEARVITWKNIDLPYVDWSNEREMrKRFVQWKS 200 
■ • ■ • • 

201 KDPDVriTYNGDSFDLPYLVKRAEKLGIKLPLGRDG. .SEPKMQRLGDMT 248 
N i I I [ i M I I ( . j N I [ I : I I 1 M I ] : ; I . M M . J f I : I I : I I 

201 KDPDVIlTYNGDNFDLPYLIKRAEKLGVRLVLGRDKEHPEPKIQRWGDSr 2S0 

249 AVEIKGRIHFDLYHVIRRTINLPTYTLEAVYEAIFGKPKEKVYAHEIAEA 298 

I f n I I I I I { I 1 : . { : 1 I r r I M ( t M M I I I I : : n . I . { ! I . I t [ . 
251 AVErKGRIHFDLFPWRRTINLPTrTLEAVYEAVLGKTKSKLGAEEIAAI 300 

! 

2 99 WETGKGLERVAKYSMEDAKVTYELGREFFPMEAQLSRLVGQPLWDVSRSS 348 

N i : . : : . : : I . I I I I I I : . M I I f : J M I t I I : I . : I ; I I . : M I I I I j 
301 WETEESHKKLAQYSMEDARATYELGKEFFPMEAELAKLIGQSVWDVSRS5 350 

349 TGNLVEWYLLRKAYERNELAPNKPDEREYERRLRESYAGGYVKEPEKGLW 398 

\\\\\\\\\\\ M . 1 N i f I I I M f f t . M M . . I 1 I I N N t M n 
351 TGNLVEWYLLRVAYARNELAPNKPDEEEYKRHLRTTYLGGYVKEPEKGLW 40 0 

399 EGLVSLDFRSLYPSIIITHNVSPDTLNREGCREYDVAPEVGHKFCKDFPG 448 

I - : I I I M I I [ i M : I t I I M I ! I : : ! I I ! : { M M M . : M I I j [ | 
401 ENIIYLDFRSLYPSirVTHNVSPDILEKEGCKNYDVAPIVGYRFCKOrPG 450 

• . . . . 

44 9 FIPSLLKRLLDERQEIKRKMKASKDPIEKKMLDYRQRAIKILANSXLPEE 4 98 

M I I : I I : * M : I I : ( I 1 . . I I I [ J [ M 1 i M I I I I : ) 1 11 M 1 : t 
451 FIPSILGDLIAMRQPIKKKMKSTlDPIEKKMLDYRORAIKLLANSrLPNE 500 

• " • - • 

499 WVPLIKNGKVZIFRIGDFVDGI-MXAKQGKVKKTGDTEVLEVAGIHAFSFD 548 
I : 1 : I . I I . : I : • : I I : I : : : . I . . . : . I I . . : : I I I I M . . : I t I 1 : 
'501 WLPIIENGEIKrVKIGEFINSYMEKQKENVKTVENTCVLEVNWLFAFSFN 550 
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■ • • • - 

54 9 RKSKKARVMAVKAVIRHRYSGNVYRIVLNSGRKITITEGHSLFVYRNGDL 598 

:\ I . . I . I I I : I I t : I . I . . I t I . I I M 1 . I I . M M I . Ml:: 
551 KKIKESEVKKVKALIRHKYKGKAYEIQLSSGRKINITAGHSLrXVRNGEI 600 

599 VEATGEDVKIGDLLAVPRSVNLPEKRERLNrVEtLLNLSPEETEDIILTI 648 

1 . . t : : : I | I | : . . I : . : . 1 II . : I ) . 11 : : 11 . I M . M : : II 
601 KEVSGDGIREGDLIVAPKKIKLNEKGVSINIPELISDLSEEETADIVMTI 650 

64 9 PVKGRKNFFKGMLRTLRWIFGEE .KRVRTASRYLRHLENLGYIRLRKIGY 6 97 

. . II II M 1 I M 1 1 N II : t I 11 : 1 : I I .Ml II I M I . I : I . 1) 
651 SAKGRJ^NFFKGMLRTLRWMFGEENRRIRTrNRYLFHLEKLGLIKLLPRGY 700 

698 DIIDKEGLEKYRTLYEKLVDWRYNGNKREYLVEFNAVRDVISLMPEEEL 7 47 

1 . M : Mill.: I : II M I 1 M I I M . : : I . M . : I : . M 
701 EVTDWERLKKYKQLYEKLAGSVKYNGNKREYLVMFNEIKDFISYFPQKEL 750 

74 8 KEWRIGTRNGFBMGTFVDIDEDFAKLLGYYVSEGSARKWKNQTGGWSYTV 7 97 

.11:111 I I I I M II M It M It M I I M . M I I I . I 

751 EEWKIGTLNGFRTNCILKVDEDFGKLLGYYVSEGYAGAQKNKTGGISYSV 80 0 

• ■ • • • 

798 RLYNENDEVLDDMEHLAKKFFGKVKRGKNYVEIPKKMAYIIFESLCGTLA 847 - 

: M I I : . : I I : . t . : : I . I M I I I : : : I : I . I . I I I II : : : . : II I - I I 
801 KLYNEDPNVI/ESMKNVAEKFFGKVRVDRNCVSISKKMAYLVMKCLCGALA 850 

8 48 ENKRVPEVIFTSSKGVRWAFLEGYFXGDGDVHPSKRVRLSTKSELLVNGL 8 97 

M I f : t . 1) : II . . M I I . I II : M . M M : I 11 i I . M I I I M t M I . I 
851 ENKRIPSVILTSPEPVRWSFLEAYFTGDGDIHPSKRFRXSTKSELLANQL 900 

698 VLLLKSLGVSAIKJLGYDSGVYRVYVNEELKFTEYRKKKNVYHSHIVPKDI 947 

I : I M I I I : I . : I : I : I I I M M I : M : I . I . : . : . II . M I : : ; I I : I 
901 VFLLNSLGISSVKIGFDSGVYRVYINEDLQFPQTSREKNTYYSNLIPKEI 950 

948 LKETFGKVFQKNISYKKFRELVENGKLDREKAKRIEWLLNGDIVLDRWE 997 

1 : : . 1 I I II I I : . : I II : I II : . I M : M M I : t : : : It I M M I I . 
951 LRDVFGKEFQKNMTFKKFKELVDSGKLNREKAKLLEFFINGDIVLDRVKS 1000 

998 IKREYYDGYVYDLSVDEDENFL 1019 
: I . ( : n M I I M : : : I t M 
1001 VKEKDYEGYVYDLSVEDNENFL 1022 
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